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INTRODUCTORY NUCLEAR THEORY 

By L. R. B. Elton, Ph.D., F.lnst.P. Based on a lecture course 
given to final honours physics students, this new book covers 
the fundamental aspects of nuclear physics in detail and explains 
fully those aspects of quantum theory that are required for the 
subject. It forms a suitable theoretical introduction both for 
degree candidates and for post-graduate students. 40/- net. 


STRENGTH OF MATERIALS FOR 
ENGINEERS 


By D. R. Axelrad, Dipl. Ing., etc. This new book meets the 
requirements of students preparing for Engineering Degree 
examinations and those of the professional bodies. Of value 
also to practising engineers, the book includes a large number 
of worked examples and additional problems taken from 
examination papers. 55/- net. 


AN INTRODUCTION TO 
AERONAUTICAL ENGINEERING 

Vol. |. Mechanics of Flight 

By A.C. Kermode, O.B.E.,M.A. 6th Edition. A valuable intro- 
duction to an advanced study of this subject. For pilots and 


apprentices and those engaged in all branches of aeronautical 
work. 25/- net. 


Parker St., Kingsway, London, WC2 


BOOKS 


FROM ALL BOOKSELLERS 


HELICOPTER DYNAMICS AND AERO- 
DYNAMICS 

By P. R. Payne. This is the first really comprehensive treatment 
of helicopter theory by a practising designer of rotary wing 
aircraft. The book, which is more up to date than anything yet 
published on the subject, contains the first accounts in book 
form of cantilever, stiff-hinged, high flapping pin offset and 
other advanced forms of rotor, and also the rotor blade flutter. 
84s. net. 


MECHANICAL TESTING OF METALLIC 
MATERIALS 

By R. A. Beaumont, A.M.1.Mech..E., etc. 3rd Edition. This book 
gives detailed attention to the subject of proof stress. The 
essentially practical nature of the book makes it essential to all 
students of aeronautical engineering. 30/- net. 


FOUNDRY PRACTICE 

By William H. Salmon, Assoc. Met., etc., and Eric N. Simons. 
2nd Edition. This comprehensive work covers the whole field 
of foundry practice from Blueprint to Quality Control. It forms 
a practical guide for operatives and also an authoritative text- 
book covering the syllabus of the City and Guilds of London 
Institute for intermediate students. 35/- net. 
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@ ELECTROL} TIC SWITCH WITH 
GRID CONTROL 
A non-mechanical switching 
jevice has been developed which 
scapable of switching almost any 
ymount of alternating current 





A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





without wear, disintegration, or 
loss of efficiency. The device consists of two 
load-connected clectrodes and a_ grid-control 
cement, all immersed in an electrolytic bath 
which is permanently sealed in an encapsulated 
container. On applying a small energy stimulus 
introduced through the grid element, the semi- 
permeable surface of the two load electrodes 
becomes permeable to certain ions and is in- 
santancously changed from a non-conductive 
0 a conductive state, thus allowing large 
mounts of alternating current to flow from one 
electrode to the other through the electrolyte. 


itial ~The high-wattage load current is controlled 
heir entirely by the small energy stimulus, in a 
mic ~=fmanner which permits either full-on, full-off 

witching, or modulation to occur. Moreover, 
dto f modulation can be of the continuous type with- 
and wut harmful effects on the unit or its operating 
less F characteristics. When the control signal is re- 


moved from the grid-control element, or when 
nother signal of opposite polarity is applied, 
the conductive surfaces of the load-carrying 
WeBelectrodes are immediately restored to their 
riginal non-conductive state, thereby effectively 
blocking the flow of current through the unit. 
Both load-carrying electrodes are coated with 
in oxide film, causing them to act in the circuit 
nuch as rectifiers back-to-back and preventing 
current from flowing through to the load. On 
ipplying a small direct-current potential to the 
srid-control element, the two electrodes are 
polarized and metal ions are forced into the 
ructure of the oxide film, changing it from a 
lon-conductive to a conductive state. It is 
\Y Plated that load voltages may range from 3 to 
\Y PV ac. and load current from a few milli- 
N imperes to 15 A, 


@ MAGNETIC BALL-JOINT 

In a recently patented magnetic ball-joint, 

comprising a ball of ferromagnetic material held 
'y the pole shoes of a ring-shaped permanent 

aw magnet, the pole shoes engage only one hemi- 

sphere of the ball, thus producing a long circular 


NGS olding a heavily loaded ball, is obtained. As 
ihe faces of the ball resting on the limbs of the 
ole shoes are comparatively small, tolerance in 
size does not give rise to practical difficulties and 
ence manufacture is inexpensive. Also, since 
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sap, in Which a strong magnetic field, capable of 


the limbs of the pole shoes engage only one 
hemisphere of the ball, the latter is drawn into 
the magnetic field of the gap, producing the 
necessary amount of friction to hold it in place, 
without the need for clamping devices. The per- 
manent magnet can be made up of several annu- 
lar magnets or parts of a magnet, and the pole 
shoes can be made of such a shape that the 
centre of the ball lies outside the permanent 
magnet, so that the ball, to which a supporting 
arm or the like can be fixed, can be moved 
through 180 deg. and more. This supporting 
arm can form part of an electric lamp with the 
wiring passing through a hole in the ball, but 
many other possible applications of a joint of 
this type suggest themselves. 


@ PLANETARY TYPE GENEVA DRIVES FOR 

INDEXING OPERATIONS 

Although conventional Geneva drives are 
commonly used to perform indexing operations. 
in which the smooth conversion of continuous 
to intermittent motion is usually desirable, they 
must often be modified to provide the required 
smoothness. In standard Geneva drives, the 
follower is subjected to a shock at the instant 
that the driving pin engages a slot, and this 
shock may even be of destructive proportions, 
particularly when the driven mass is_ large. 
Various methods, such as the use of curved slots. 
are employed to eliminate this starting shock, 
but a recently proposed method employs a 
planet gear in the driving mechanism to obtain 
zero acceleration of the follower at the start and 
finish of each engagement cycle. In a planetary 
Geneva drive for a four-station indexing mech- 
anism, the centre of a stationary sun gear coin- 
cides with the centre of rotation of the driving 
arm, the planet gear with the driving pin being 
held in engagement with the sun gear by the 
driving arm. As a result, the driving pin follows 
a trochoidal path, and the mechanism is de- 
signed to impart no acceleration to the follower 
pin in a direction perpendicular to the centre- 
line of the follower slot at the moment of en- 
gagement. In the simplest planetary Geneva 
drive, the driving-pin centre is on the driving- 
arm centre between the centres of the sun gear 
and the planet gear at the instant of engagement, 
but this location of the driving pin at the start 
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pf engagement is not essential for giving zero 
Hower acceleration. The acceleration charac- 
sristics of these drives show that, when there is 
ly one revolution of the planet gear with 
ect to the driving arm during one complete 
noacement of the driving pin, they give much 
Sher values of follower acceleration than con- 
entional Geneva drives. Thus, in the case of a 
three-slot planetary drive with one rotation of 
planet gear in each engagement, the maximum 
seceleration of the follower is nearly three times 
hat of a three-slot standard drive. However, 
"analysis shows that the drives giving the smooth- 
“est operation are three- and four-slot planetary 
Mdrives with two revolutions of the planet gear 
"per engagement of the driving pin, and five- and 
‘gx-slot drives with two or three revolutions of 
“the planet gear per engagement. 
"9 NEW METHOD OF PRODUCING PRINTED 
| CIRCUITS DIRECTLY ON CERAMICS 
Eliminating the drawbacks of conventional 
methods using adhesives or fired silver and 
molybdenum compositions, a new method of 
producing printed circuits directly on ceramic 
es utilizes a specially formulated copper- 
bearing paste, prepared from a finely ground 
| mixture of copper oxide and a glass frit, blended 
| with a standard silk-screen printing vehicle. The 
"paste is used to print the pattern on the ceramic, 
and the “card”’ is then heat-dried to remove 
solvents, after which the card with its pattern is 
F first fired in air at 750°C for 20 min to burn off 
the printing vehicle, leaving a non-conducting 
copper oxide pattern, ready to be reduced to 
metallic copper. A second firing operation is 
then conducted at 850°C for 30 min in a con- 
trolled atmosphere containing, say, about 85° 
nitrogen and 15% hydrogen, with the addition 
of from 0-4 to 4-5% oxygen. The hydrogen in 
» ff this non-inflammable gas mixture reduces the 
® copper oxide to metallic copper, while the oxy- 
gen prevents reduction of other oxides in the 
! system and promotes good wetting of the glass 
frit and the ceramic. The use of oxygen is con- 
sidered essential; otherwise, a poor bond results. 
| Also, with oxygen in the controlled atmosphere, 
only about 5°% of glass frit is required in the 
paste to achieve satisfactory bonds, and this 
small amount of inert material does not greatly 
affect the conductivity of the copper film, the 
resistivity of which has been found to be well 
within the requirements of typical printed- 
Wiring applications. Printed-circuit cards pre- 
pared in this way can be dip-soldered without 
bond failure and without the use of corrosive 
fluxes. It is stated that the process is suitable for 
automatic production techniques and that it 
should prove competitive in cost with other 
printed-wiring methods. It is also considered 
that, apart from its application in printed cir- 
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cuits, it has other potential uses. Thus, for in- 
stance, with suitable modification of the vehicle, 
the copper can be applied with a brush or spray 
gun and, when fired, the coatings produced form 
a good base for making metal-to-ceramic bonds, 
using lead-tin solders. 


@ FACTORS INFLUENCING THE 
PERFORMANCE OF GRINDING WHEELS 
Optimum utilization of grinding wheels can 

best be achieved if the nature of their perfor- 
mance and wear characteristic, and the factors 
affecting these characteristics are understood 
and applied. As reported in a recent paper, a 
study of the nature of grinding-wheel wear indi- 
cates that the grinding-wheel wear curve is simi- 
lar to those of other cutting tools, and that the 
type of grinding operation significantly affects 
the nature of wheel wear. A unique technique 
has been developed for very accurately measur- 
ing grinding-wheel wear, which may be expressed 
in terms of grinding ratio, i.e., the generally 
accepted parameter for measuring wheel wear. 
Extensive studies have been carried out to deter- 
mine the effect of mechanical variables on grind- 
ing ratio, on the power required in metal remo- 
val, and on surface finish. Experimental findings 
indicate that grinding ratio decreases with in- 
creased metal-removal rate and increases with 
workpiece diameter, decreased chip load, and 
increased concentration of the grinding fluid. 
Power is found to increase with both the metal- 
removal rate and the amount of metal removed. 
It increases slightly with workpiece diameter, 
but is little affected by the hardness of the work- 
material. Surface finish, too, is little affected by 
work diameter or hardness. The measurement 
of grinding forces with a cylindrical grinding 
dynamometer makes it possible to relate the 
wear of grinding wheels to the basic mechanics 
of the process. In the investigations described, 
a “‘ quick stop’’ apparatus was used to freeze 
the grinding action by accelerating a tiny work- 
piece almost instantaneously to normal grinding- 
wheel speed. Another technique permitted the 
comparison of the shape of the grinding grit and 
that of the contour of its path through the 
work-piece. 


@ EXPERIMENTAL INVESTIGATION OF 

BRITTLE FRACTURES 

One common characteristic of brittle service 
failures in welded steel structures is that they 
occur spontaneously, regardless of whether the 
structures are carrying normal service loads or 
only a small part of the design load. In the past, 
static tests generally failed to reproduce the 
phenomenon of spontaneous fracturing. <A 
recent investigation has shown, however, that 
spontaneous brittle-fracture initiation can be 
achieved in a reproducible way in laboratory 
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You get more work done in less time with 
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The tests were conducted on 4-ft 
, -in. thick, welded low-carbon steel 
specimens. They consisted of a | 6-in. diameter 
disc with a 4}-in. square opening cut in the 
centre and then welded into the 4-fi diameter 
‘ing, Owing to the heavy constraint, the inner 
disc underwent severe plastic deformation during 
welding. This resulted in high residual tensile 
gresses in the central part, balanced by com- 
pressive stresses in the outside of the disc. Local 
cooling of a small area at the corners of the 
square hole with liquid nitrogen led to the ini- 
tiation of spontaneous brittle fractures. The 
propagation of this fracture was governed by 
hoth the stress field and temperature. Stress- 
relieving at 1150°F provided a safeguard against 
the initiation of brittle cracks. New residual 
stresses Were put into the stress-relieved speci- 
men and local cooling then resulted in a spon- 
taneous brittle fracture. Apparently, iracture is 
related to the coincidence of the following con- 
ditions: —(1) The material is in a brittle condi- 
tion; (2) a geometrical defect exists in the struc- 
ture, plastically deformed by a previous treat- 
ment; (3) the plastically deformed region around 
the notch possesses high residual tensile stresses; 
and (4) an auxiliary stress, imposed by load, im- 
pact, or temperature gradient, raises the stress 
up to the fracture strength of the material. 


@ METHOD OF COMBINING A PISTON 
ENGINE WITH AN EXHAUST GAS TURBINE 
Ordinarily, the combination of a piston-type 

internal combustion engine with a turbine driven 

by the engine exhaust gases is uneconomical 

when such an installation is used to satisfy a 

constantly varying power demand, e.g., in a 

motor vehicle, mainly because the energy sup- 

plied to the turbine varies considerably, causing 

it to lose efficiency. However, according to a 

recently patented German system, this defect 

has now been overcome by an arrangement in 
which the exhaust-gas turbine is coupled with 
the output shaft of the engine through gearing, 
with a valve timing control for the engine, enab- 
ling the turbine to be supplied with an approxi- 
mately constant amount of energy over a wide 
range of power output from the installation. 
Thus, on the one hand, the power output of the 
turbine is maintained as constant as possible, 
with a favourable effect on its efficiency, and, on 
the other hand, a large torque is available at the 
output shaft, even at low rotational speeds of 
the engine. In a modified arrangement the engine 
's connected through variable gearing between 
the crankshaft and the output shaft, with which 
the turbine is also connected by gearing. This 
installation can be operated in such a way that, 
for the purpose of obtaining a high torque at 
low Output-shaft speeds when accelerating 
against a high resistance, the variable gearing is 
OCTOBER, 
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set for a very high reduction ratio, while the 
valve timing control is set so that the exhaust 
gases are delivered to the turbine with the maxi- 
mum possible energy. In this way the well- 
known characteristic of a turbine of delivering a 
very high torque at low output-shaft speeds, or 
at standstill is utilized to relieve the variable 
gearing between the crankshaft and the output 
shaft. 


@ ELECTROMAGNETIC MEASUREMENT OF 

THE MOVEMENT OF SHIPS 

According to a recent report, a new electro- 
magnetic underwater log system, capable of 
measuring, indicating, and transmitting speed 
and distance data relative to water, has now 
come into practical use. Termed the “ Litton 
Log’, this system consists of a rodmeter, an 
indicator-transmitter, and a sea valve, mounted 
on the hull of the vessel. The insulated sensing 
unit of the rodmeter houses an electromagnet, 
which generates a magnetic field in the surround- 
ing water. On either side of the plastic tip of the 
rodmeter are placed pick-up buttons, which 
sense the voltage induced in the surrounding 
water by the motion of the magnetic field 
through the water. The electrical servo-mechan- 
ism converts this voltage and displays it on an 
indicator-transmitter as speed in knots. A 
mechanical integrator converts this information 
to distance travelled, and this is displayed on 
the miles counter forming part of the equipment. 
Both speed and distance are transmitted as elec- 
trical synchro-signals to other shipboard equip- 
ment. The system is accurate to +-0-05 knot 
over the whole speed range, but experience has 
shown that the speed pointer deviates to the 
extent of + | knot in phase with the ship’s roll 
cycle. It is considered that this phenomenon 
does not indicate malfunctioning, but is a 
demonstration of its sensitivity in following the 
flow pattern under the hull. Equipment is now 
being developed which will reduce pointer oscil- 
lations to less than -+ 0-1 knot. 


@ VARYING-VELOCITY PICTURE-SCANNING 

SYSTEM FOR TELEVISION 

In a recently patented German system, the 
electron beam of the camera tube is scanned 
with a varying velocity, and means is provided 
for varying the amplitude of the picture signal 
in accordance with the variation in velocity, so 
as to maintain the output picture signal at ap- 
proximately constant contrast. Furthermore, 





For further information on developments 
reviewed in THE BLUE PAGES, readers 
are invited to write to the Editor. 












































STRATELINE — oe 
of the mor 
Spiral scan 
>PEED Yad 
<inusoidal 
fering 1 | 
these curré 
R E D U . E R S different f 
currents th 
with such 
» This Strateline unit has an output capacity of 7,000 |p, g0cam has 
required by maximum out of balance conditions wiside of the 
working on the Engine. of some 
absence 
* The ratio illustrated is 60:1, but ratios between 20:| feature ™ 
100:! are provided by the hypocycloidal gearing, the pictul 
system, th 
e Self-sustaining Strateline mechanism which operates wh os 
movement of input handle ceases—the engine can be approxi 
tated, and sustained at any position, through 360°, lar settir 
provided 
ture-stor 
at slow 
direct fu 
The photograph above shows the type CWI Strateline unit VARATIO-STRATELI N E GEARS LTD plate; as 
ficced to pr pence. — a wg” —— Stand tivity on 
Mitcham, Surrey. The high i Poccnaest ee ee 2 7 7 | 9 A BER D EEN A | E N U E ’ picture 
of the Strateline makes it particularly suitable for manual ning vel 
operation and many variations have been supplied for high TRADING ESTATE ’ SLOUGH ’ BUC KS, 
pressure valve operation, hand winch units, furnace tilting, 
etc. Where reasonable quantities are involved we are 3 NEW 
prepared to design special units against particular applications | An 
__ claimed 









physical 
bars, ro 
perties 










INSULATION AND STRENGTH 


material answer to design problems 


Sintox—an alumina ceramic of exceptional insu- 
lation characteristics—is superior in tension, 
compression and cross-breaking. In small 
assemblies it can be an insulator and a 
structural support. 
Sintox also stands elevated tempera- 
tures with little change in its properties, 
has high thermal conductivity and 
superior corrosion resistance and 
—for nuclear application—low 
neutron capture cross-section. 
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‘ral scanning of the picture is utilized, in place 
f the more conventional straight-line scanning. 
Spiral scanning can be effected relatively simply 
by feeding to the scanning-coil assembly two 
jnusoidal currents of the same frequency, dif- 
fering in phase by 50 deg. The amplitude of 

these currents is varied in sawtooth-fashion at a 
§ {ifferent frequency from that of the sinusoidal 
currents themselves. It will be appreciated that, 
with such a scanning arrangement, the electron 
000 , beam has a greater deflection velocity at the out- 
‘Hide of the spiral than at the inside. In the case 


NS Wh of some television-camera tubes, and in the 
absence of any compensatory measure, this 

0. feature would cause a variation in contrast in 
“a. picture signal. However, in the proposed 
wstem, this variation is compensated so that the 
output picture signal from the apparatus has an 

tes wh approximately constant contrast at any particu- 


ie lar setting of the contrast control normally 
*  Tprovided. The camera tube used is of the pic- 
ture-storage type and has an increased sensitivity 
at slow scanning velocities, sensitivity being a 
direct function of the potential of the signal 
LTD plate; as a result of this dependence of sensi- 
tivity on scanning velocity, the contrast of the 
picture signal changes with variations in scan- 





KS ning velocity. 
@ NEW STEEL-TREATMENT PROCESS 
A new, patented steel-treating process is 
— ‘laimed to improve certain mechanical and 

















physical properties of steel products such as 
ars, rods, and wires. The improvement in pro- 
perties extends to tensile strength, yield strength, 
hardness, ductility, elongation, residual stress, 
warpage, and corrosion and wear resistance. 
The process is applicable to the treatment of 
steels of the type which strain-harden and har- 
den by some mode of precipitation when worked 
elevated temperatures. Briefly, the steel is 
heated to above its transformation range 
d then carburized, preferably to a case depth 
of from 0-03 to 0-06 in. After carburizing, the 

laterial is reduced in cross-section by drawing 
it is at a temperature within the range of 
°F to the lower critical temperature for the 
articular steel composition concerned. The 
Meatment after carburizing can be varied, i.e., 
the steel can be quenched rapidly to cool it to 
oom temperature, followed by reheating to the 
tlvated temperature desired for taking the 
elevated-temperature reduction step, or it can 
be air-cooled to ambient temperature and then 
reheated prior to reduction. Instead of car- 
burizing, reduction at elevated temperature can 
be carried out after the steel has been treated by 
other diffusion techniques, such as cyaniding, 
nitriding, carbonitriding, and chromizing. The 
depth of the case, the grain size, the rate of car- 
, | burization, and the carbon gradient have some 
OCTOBER, 1959 
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effect on the increase in endurance limit and 
wear resistance, as well as on some of the other 
properties of the steel. By controlling tempera- 
ture, composition, and the amount of reduction, 
it is possible to adjust selectively the physical 
and mechanical properties developed in the steel 
over a fairly wide range, while enhancing the 
uniformity of properties from heat to heat by 
comparison with hot-rolled steels. 


@ GLASS-FIBRE SLEEVE SPRINGS 


A cylindrical sleeve, composed of plastic- 
dipped windings of glass fibres, has shown an 
amazing ability to absorb the energy of masses 
moving at high speeds. Such sleeves are there- 
fore considered to have many possible applica- 
tions as springs. The reason why cylindrical 
sleeve parts have in the past seldom been em- 
ployed as springs is that they are too rigid when 
made of metal and too weak when made of plas- 
tics. From research studies and tests of pressure 
vessels it was found that glass-reinforced plas- 
tics actually represent a spring material of unique 
properties, since glass filaments have a modulus 
of elasticity in tension of about 10 = 10° psi and 
an elastic elongation from 3 to 4%, resulting in 
an elastic limit from 300,000 to 400,000 psi. 
When winding a sleeve circumferentially from a 
continuous, resin-dipped filament, a compound 
of high glass density (60% by volume and more) 
can be obtained. Such unidirectional glass-fibre 
structures were found to have moduli of elas- 
ticity in the range from 3 x 10® to 6 x 108 psi, 
depending on the winding pattern and glass 
density. The elastic limit of strain is upward of 
3%, 1.€., 0-03 inch per inch, and tensile strengths 
of up to 200,000 psi have been measured in the 
direction of the fibres. Thus, the elastic-limit 
stress practically equals the ultimate strength, 
and there is no zone of flow or plastic deforma- 
tion of the material between the elastic limit and 
the final breaking point, as is usually the case 
with soft steel and other materials. For use, the 
completed sleeve is slipped over a hollow, slotted 
barrel with an internal taper. The function of 
the barrel is to transfer, from a tapered piston. 
the linear energy of the moving mass into radial 
energy, the sleeve absorbing energy by radial 
expansion. It is claimed that this sleeve/barrel 
combination can withstand the repeated impact 
of masses moving at speeds of over 150 fps. 





For a further selection of items, please 
see our “‘Minidigest”’ section on pages 


A2, A4, and Aé. 
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High-Temperature Corrosion of Metals 
pyC. J. Guare. (From Materials in Design Engineering, U.S.A., Vol. 50, No. 2, August 1959, pp. 110-114, 6 illustrations 


To operate successfully at high temperatures, engineering 
materials must retain their chemical stability and their 
strength, and, except in a vacuum or inert atmosphere, 
most metals at high temperatures are invariably subject to 
corrosion by gases at high temperatures. For the pur- 
poses of this article, the gases considered likely causes of 
corrosion are air, sulphur-bearing atmospheres, such as 
are encountered in the processing or combustion of sul- 
phurous materials, and hydrogen atmospheres, such as in 
annealing furnaces. 

Almost all chemical reactions between a metal and a 
gas increase in rate with increasing temperature. Such 
reactions can cause rapid chemical deterioration in 
metals and accompanying mechanical failure. Unfortu- 
nately, it is difficult for a metal to have both good cor- 
rosion resistance and good strength at high temperatures. 
Both of these properties are related to chemical composi- 
tion, and changes in composition which improve one 
property often detract from the other. The factors con- 
trolling high-temperature corrosion should be considered 
early in the design stage to ensure optimum materials 
selection. 

The chemical reaction taking place between a metal 
and a gas at high temperatures always produces corrosion 
products. If the corrosion product is an adherent exter- 
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nal layer growing by diffusion, it can protect the under- 
lying metal and actually decrease the rate of corrosion as 
the thickness of the layer increases. If, however, the 
corrosion products formed in a gas at high temperature 
are porous and not adherent, they will provide no protec- 
tion, and corrosion will continue at an undiminished rate. 

A corroding agent can attack at local sites and cause 
pitting, or it may attack at grain boundaries, where it 
destroys the integrity of the metal by separating the grains. 
Pitting implies that local areas are especially susceptible 
to chemical attack. Such local areas can result from 
impurities, from local depletion of components of the 
alloy, or from prestressed areas. 

The size of grains is an important corrosion variable. 
Ordinarily, small grains have more boundary area and are 
more susceptible to attack. However, small grains can 
actually be less susceptible to attack, as is the case when 
sulphur reacts with nickel above the eutectic temperature 
in the nickel-sulphur system. A possible explanation for 
the low rate of attack is that the small grains offer a maze 
of intersecting paths which inhibit penetration by the 
corrodent. In contrast, large grains would provide rela- 
tively long, conductive paths which the fluid corrodent 
could easily follow. 

Internal corrosion formations can occur, whether or 
hot any external corrosion products are formed. When 
an alloy is exposed to a gas at high temperature, com- 
ponents of the gas can dissolve in the alloy. If the alloy 
contains a material which can react with the dissolved 
gas, such a reaction will occur when the gas concentration 
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reaches a certain limit. The reaction product will appear 
as a second phase dispersed throughout the alloy matrix 
and may markedly change its properties. The metal may 
become hard and brittle; however, in some cases its 
properties may even be improved. For example, the 
formation of internal or subscale cadmium oxide in a 
silver-cadmium alloy can produce greater mechanical 
strength than the unoxidized silver matrix would or- 
dinarily provide alone. 

In addition to dissolving in the alloy, a gas can react 
with a specific material in an alloy to form volatile pro- 
ducts. As this material is gradually used up at the surface, 
it is replaced by the same material, which diffuses up from 
below the surface to sustain the reaction. Thus, almost 
all this material can eventually be removed from the 
alloy, and the properties of the alloy can consequently be 
changed. 


EFFECTS OF ALLOY COMPOSITION ON CORROSION PRODUCTS 


Surprisingly enough, the major constituents of an 
alloy do not necessarily make up the major portion of 
corrosion scale, and in some cases they do not appear at 
all. Consequently, to some extent it is possible to control 
and improve the composition of the corrosion scale by 
adding to the alloy small amounts of an element which 
will later appear in relatively large amounts in the scale. 

Examples of such materials are the stainless steels, 
which contain up to 25% chromium and 20% nickel, 
nickel-base alloys containing 15 to 20% chromium, and 
the chromium-iron alloys, which can have as much as 
27% chromium together with aluminium in some cases. 
In a high-temperature oxidizing atmosphere, all these 
materials tend to form an oxide of the CreO3 or AleO3 
type, or something more complex, like the spinels, of 
which NiCr2O, is a good example. 

Such oxide deposits are desirable, because they are 
adherent and prevent free access of the atmosphere to the 
alloy. The deposits slow down further oxidation by pre- 
venting oxygen from diffusing through to the base metal, 
and by keeping metal from diffusing to the atmosphere. 

If the rate of oxidation is extremely rapid, it can com- 
pletely destroy the base metal. Even materials with rela- 
tively high oxidation resistance can be made to oxidize 
rapidly, simply by adding small quantities of elements 
such as vanadium or molybdenum. The severe influence 
of small quantities of these and a few similar elements is 
thought to be caused by their low melting points or by the 
volatility of their oxides. When these oxides evaporate 
or become liquid, they cannot prevent the atmosphere 
from diffusing to the base metal and reacting with it. In 
some cases such a reaction can occur, even if the oxides 
in the corrosion scale do not evaporate or become liquid. 
The formation of oxides of elements such as titanium, 
columbium, beryllium, and zirconium has been found to 
be detrimental to the corrosion resistance of iron alloys 
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containing 25% chromium and 5% aluminium and of 
similar alloys exposed to air at 2200°F. 

Aside from the role they play in scale formation, the 
minor elements of an alloy can also determine how sus- 
ceptible an alloy will be to grain-boundary attack by 
corrosive media. An example of this kind of behaviour 
can be found among the stainless steels, which contain 
carbon and which largely derive their corrosion resistance 
from their chromium content. When these steels are held 
in a critical temperature range (900° to 1600°F), chrom- 
ium carbide forms, depleting the grains of their chromium 
content near the grain boundaries. Chromium depletion 
makes the steel sensitive to grain-boundary attack by cor- 
rosive media. Such sensitization occurs even when carbon 
content is 0-1 % or less. However, it can be prevented by 
adding titanium or columbium in respective amounts of 
at least 5 or 10 times the carbon content. Thus, titanium 
or columbium carbides are precipitated rather than 
chromium carbide. Consequently, the chromium is not 
depleted near the grain boundaries, and its protective 
action is not lost. Where this kind of remedy is used, the 
materials are said to be stabilized. 


EFFECTS OF GAS COMPOSITION AND FLOW ON CORROSION 
PRODUCTS 


It might be expected that, if oxygen is the corroding 
agent, corrosion could be stopped by using a reducing 
atmosphere or limiting the supply of oxygen. The use of 
a reducing atmosphere works in some cases, as shown by 
the bright and shiny surfaces of many metals heated in 
dry hydrogen. However, this technique is not a cure-all. 

In many cases, either it is not practical to remove the 
air, or else a small amount of oxidation may even be 
helpful in combating more rapid corrosion of another 
type brought about by some minor impurity in the atmos- 
phere. The latter case is exactly what occurs when nickel 
is attacked by sulphur. The hydrogen sulphide formed 
in a reducing atmosphere can produce grain-boundary 
attack. This attack is accompanied by the formation of 
large amounts of nickel sulphide, which tend to force the 
alloy grains apart. A similar type of failure might be ex- 
pected in an oxidizing atmosphere containing sulphur 
dioxide. However, the rate of corrosion is actually slower 
in the oxidizing atmosphere than in the reducing atmos- 
phere, because the formation of some nickel oxide in the 
oxidizing atmosphere inhibits sulphur attack. If nickel 
must be used in a sulphur-bearing atmosphere at high 
temperatures, it can be made much more resistant by 
adding chromium, as in the case of the Inconel alloys. 

Broadly speaking, any atmosphere is considered 
oxidizing with respect to a metal if one or more of its 
constituents react with the metal to form a new com- 
pound. This is true even if the compound formed does 
not contain oxygen. Typical oxidizing atmospheres are 
oxygen, the halogens, carbon dioxide, and steam. 

By common definition, a reducing atmosphere differs 
from an oxidizing atmosphere in that it reacts with a 
compound of the metal to yield back the metal itself. 
Examples of reducing atmospheres are carbon monoxide, 
ammonia, and hydrogen. 

A neutral atmosphere has no effect on the metal or its 
compounds, and may consist of pure noble gases such as 
helium or argon or, in certain cases, nitrogen in a vacuum. 

The danger of using common definitions of this type 
is that atmospheres do not always behave in the way ex- 
pected. An atmosphere can be changed with respect to 
the metal—from oxidizing through neutral to reducing— 
just by changing the temperature or the composition of 
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the alloy, or the atmosphere. Consec 


uen 
factors must be known before an ctmogsiana ErFEcT © 
typed, and general classifications of atmosphere . PROTEC 
* oxidizing ” or “ reducing ’’ are not always correct The re 
For example, consider a hydrogen atmosphere con by “0% 

taining enough water to produce a dew point of —4'F — ; 
and suppose this atmosphere passes over a piece of nics ducts an 

and a piece of chromium, each at 1470°F. Normally, th expansiol 
would be considered as a reducing atmosphere, Thy “. 
nickel will not form a surface oxide and, if an oxide films and : n 
already present, the atmosphere will react with the Oxyger — i 
in the oxide to form water and metallic nickel, Therefor oo 


the atmosphere is reducing towards nickel. However, i 
an oxide film is present on the chromium, the hydroger 
will not react with the oxygen in the chromium oxide j 
form chromium and water vapour. Instead, the wate 
vapour already present in the hydrogen will react with the 
chromium to form more chromium oxide, so that th: 
atmosphere is oxidizing towards chromium. This sam: 
atmosphere can be made reducing towards chromium }y 
raising its temperature to 1920°F or reducing its dey 
point to —75°F. Thus, there is a “ reducing” atmos. 


phere that is both reducing and oxidizing. 


In some cases, various theories can be used to predic, 
the effect of gas pressure on corrosion rates. However, i 
is difficult to predict corrosion rates for metals such a 
zirconium, titanium, vanadium, and columbium, as their 
oxidation rates can either increase or decrease while the 
pressure of the corroding atmosphere is being increased 
In any event, identical pressures should be maintained i 


comparative corrosion tests are to be made. 


Flow rate is an important corrosion factor when the 
corroding gas is a mixture of active and inactive agents a 
normal pressure. Less gas comes in contact with the 
surface at a slow gas flow. Thus, at a very slow flow rate 
the amount of active gas at a surface can become stagnant, 
and after it reacts with the metal there is no new supply of 
active gas to take its place, so that the inactive ga 
remaining produces a protective layer, and the corrosion 
rate is greatly decreased. The corrosion rate when the gas 
is stagnant can be from two to four times less than when 
the gas is flowing fast enough to prevent stagnation 
However, if the less active gas is able to react with the 
metal to some extent, maintaining a stagnant layer may 
result only in exchanging one undesired process for 


another. 


EFFECT OF SURFACE TREATMENT ON CORROSION RATES 


Metals intended for use at high temperatures can be 
surface-treated in a variety of ways, such as rolling, 
machining, polishing, abrading, pickling, or coating. The 
kind of surface preparation used can have a considerable 
influence on corrosion rates. For example, a shiny sur- 
face that is pleasing to look at may not provide the bes! 
corrosion resistance. A metal such as Hastelloy oxidize 
much more rapidly in air after it is cleaned with a 
bromine-methyl alcohol solution than it does when the 
surface is abraded. Also, certain iron-nickel alloys have 
been found to oxidize much faster in air when the surface 
is sandblasted than when the surface is pickled. 

Some inorganic and ceramic coatings are quite useful 
in preventing corrosion at very high temperatures. These 
coatings often have a tendency to crack and spall, but in 
many cases their adhesion can be improved by giving the 
base metal an initial pretreatment in the corroding atmos 
phere. The resulting thin corrosion product is not only 
adherent and protective to the base metal, but also 
promotes adhesion of the coating material applied to It 
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I the ErFECT OF THERMAL CYCLING AND TEMPERATURE ON can be obtained by using a glass coating which softens 


Cal kB prorecTIVE FILMS ' and yields at high temperatures, or by locking the surface 
TES 4 The resistance of metals to high-temperature corrosion scale onto the base metal. The greatly increased life of 
ct. by gases is often markedly affected by the amount of Nichrome heating elements, for example, _apparently 
TE con H thermal cycling occurring. ‘If protective corrosion pro- occurs through the addition of rare earths which increase 
Hr ducts and coatings have a different coefficient of thermal the adhesion of the protective corrosion products formed. 
Mf nicky expansion from that of the base metal, severe temperature Temperature determines the kind of reaction that will 
lly, this changes will create stresses and cause the films to crack occur, as well as the rate at which it will proceed. One 
» The and fall off. Thus, corrosion is always likely to be more reaction and its corresponding corrosion product may 
€ filmis severe under thermal cycling conditions than at a constant predominate at a given temperature. However, a rise in 
Oxygen temperature. temperature can cause a second reaction to predominate, 
erefore Some improvement in resistance to thermal cycling producing a new and different type of corrosion product. 
vever, |! 
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sam} Degradation of Oil-Impregnated Paper in Transformers 


lium by py J. FABRE. (From Bulletin de la Société Francaise des Electriciens, 7th Series, Vol. 9, No. 103, July 1959, pp. 409-418 
its den} 11 illustrations) 


atmos. 

|r may seem remarkable that further investigations into mal degradation of oil-impregnated paper are given in 
Predici | impregnated paper are considered worthwhile nowadays. Fig. 1, which shows curves of relative degradation x at 
veVer, i! | since new synthetic enamels with continuously improved various temperatures plotted against exposure time f. 
Such asf properties are apparently readily available. The fact is, Before carrying out these tests, the paper and the oil were 
as theirf however, that paper is an inexpensive raw material, and dehydrated to 0:3°%, moisture content in a vacuum for 
hile thef its structural properties show a remarkable constancy, 48 hr at a temperature of 115°C for the paper and 70°C 
reased, | whereas this cannot be said of synthetic resins. More- for the oil, and the paper was then oil-impregnated in a 
ained if } over, paper is extremely pliable, owing to its fibrous vacuum. 

structure, while cellulose is an insoluble material which These tests were extended over fairly long periods, 
hen the } js very suitable for use with mineral oils in transformers particularly for those temperatures close to normal ser- 
Rents ai fas a dielectric and also as a conductive path for heat vice temperature. At 90°C, for example, the last mea- 
‘ith the f dissipation. surement was taken after a total exposure period of 950 
wratef These properties explain the widespread use of insu- days. It is still necessary, however, to use an extrapola- 
agnani,§ \ating paper in the electrical industry, but it must be tion method for finding the relations between ageing 
pply Off noted that paper has certain disadvantages which appear temperatures and the corresponding times elapsing before 
Ive gasf in the course of prolonged service. Thus, owing to cer- a specified state of degradation is reached. This was 
Trosion§ iain deteriorating factors, paper gradually turns brown, achieved by replotting the information derived from Fig. 
the ga} becomes friable, and loses its mechanical properties. 1 in the form shown in Fig. 2, in which the logarithm of 
n whet } The purpose of the experimental study reported in this exposure time ¢ is plotted against temperature 6 for differ- 
Nation. J article was therefore to determine the causes of this ent values of relative degradation x. 
vith the degradation and to assess the extent to which the results The curves shown in Fig. 2 can be expressed by the 
er ma) § of laboratory tests can be applied to the complex condi- relation 


ess forf tions in power transformers. The tests were mainly car- 


ied out on kraft paper, which is the most widely em- log 1 = log a — mé, 





ares ployed, but most of the results (particularly those con- —_—_ where a and m are constants for a specified state of de- 
cerning the mechanism of degradation) are also applicable 0 aa 

can & | io manilla paper, which is used in special applications. Nw ] 

rolling, 39 en: = 





1g. The} THERMAL DEGRADATION OF OIL-IMPREGNATED PAPER 


derabk | Three chemical criteria can be used to describe the 
ny SUI f state of degradation of paper, i.e., (1) the degree of mole- 
he bes fcular polymerization, defined as the mean number of 
yxidizes Felucose rings in the cellulose molecule, (2) the copper 
with @Jiest, and (3) the organic acidity factor. In the course of 
hen the} the degradation of cellulose, the degree of molecular 
ys have} polymerization DP, i.e., the mean length of the chains, 
surface } decreases continuously from between 1000 and 1300 
units down to 100 units. For this reason, it is considered 
> useful Fconvenient to introduce “relative degradation” as a 
_ These }quantitative criterion, relative degradation x being de- 
, but it Jiined as DP/1300, where 1300 is regarded as the initial 
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sing the }degree of polymerization. Other chemical criteria, i.e., [ee | | 

atmos ‘ ee . 4: gs ois ist 
ae! absolute degree of polymerization, copper index, acidity . 200 400 600 800 009 

) = index, etc., will be used where further evidence is neces- EXPOSURE TIME f¢, days 

ut also sary 

j " ‘ 5 P Fig. 1. Relative degradation x as a function of exposure time ¢ for 

‘d tol] The results of tests made in connection with the ther- ™ F various ageing temperatures 0. 
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EXPOSURE TIME ¢, days 
r—) 


0-95 

80 90 100 110 120 130 140 150 
TEMPERATURE 86, °C 

Fig. 2. Exposure time ¢ as a function of temperature 0 for different 
values of relative degradation x. 

gradation and @ is the temperature [°C]. It will be 

noticed that the various straight lines in Fig. 2 are not 

strictly parallel to each other. Consequently, m is a para- 

meter which depends on the particular value of degrada- 

tion considered. Values of AQ, i.e., an increase in tem- 

perature which doubles the degradation rate, as a func- 

tion of the relative degradation value x form a continu- 

Ous curve, as shown in Fig. 3. 

The time, in years, required to obtain a specified 
degree of polymerization, i.e., DP = 150, at various 
temperatures, is as follows :— 


6 [°C] = 115 110 105 100 95 90 85 
t [years] = 14 26 S50 95 180 350 650 


The question arises as to what degree of confidence 
can be attached to this extrapolation. Now, if At is the 
uncertainty as regards time, the temperature error will 
be A6 = —At/mt. As an example, if there is a 20° error 
in time t, the temperature error A@ will be only 1-5%. It 
will thus be seen that, even if the error in time f is quite 
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Fig. 3. Temperature increase AO as a function of relative degradation x. 
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appreciable, the corresponding error as regards temper. 
ture is very small. It should also be noted that consider, 
tions of chemical kinetics in connection with reaction 
in a homogeneous phase also tend to confirm the acey. 
racy of the results obtained by this extrapolation Method 
to a considerable degree, except perhaps in the tempera. 
ture range between 130 and 140°C, where slight dey, 
tions in the results tend to indicate a Predominance oj 
other degradation reactions. 
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INFLUENCE OF MOISTURE 0 


The influence of moisture can be expressed as a simple ’ 
relationship, i.e., that the rate of thermal degradation of 5: Shik 
paper is proportional to its water content, this relation. | "3; 3 new 
ship being approximately valid for water contents fy. air or Oil 
tween 0-3% and 7% and for relative degradation yalye brium for 
x equal to or greater than 0-4. For more advanced state; } are show! 
of degradation (x = 0-2), the effect of moisture is even } also havit 
more important, as shown in Fig. 4, in which moisture} The r 
content is plotted as a function of the ratio fo:3/t,, wher } on the pa 
tors is the time necessary to attain the state of degrada. } other fact 
tion with a moisture content of 0-3°, and ty is the time } yolumes, 
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Fig. 4. Moisture content as a function of the time ratio fo.s/tn for of the o 
different values of relative degradation x. 


The extreme importance of moisture in the ageing of of value 
paper made it necessary to investigate the conditions of }4 decisi 
moisture equilibrium between air and oil, and between} % men 
oil and paper, at atmospheric pressure. Curves showing §* oil-i 
the maximum solubility of water in hydrocarbons at degrade 
temperatures between 0 and 100°C indicate that the and no 
curve for a carefully refined transformer oil is very clos polyme 
to that of air containing 100°, relative humidity. It sf “Cums 
therefore assumed that the relation for water dissolved } 'e firs 
in transformer oil is approximately that of water vapour}. As 
in air, with similar relative proportions at corresponding irom a 
temperatures. More precisely, it can be said that the age 
relative humidity is the same in oil and in air, in contact }'0 47 
with each other and at the same temperature. Pathe | 

The moisture-equilibrium conditions of paper and aif values 
are well known. In these considerations, it is assumed }Precau 
that the moisture-equilibrium value of paper, at a speci |¥ete © 
fied temperature, depends only on the relative humidity the tar 
of the medium in which it is immersed, whether this be | "sed 
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Fig. 5. Moisture content of paper as a function of moisture content 
of a new and well-refined transformer oil at various temperatures. 


air or oil. On this basis, the curves of moisture equili- 
brium for a new and well-refined oil were plotted, and 
are shown in Fig. 5, some of the points on these curves 
also having been verified experimentally. 

The rate of change of equilibrium depends not only 
on the parameters defining the equilibrium, but on many 
other factors, such as the exchange surface, the respective 
volumes, convective movements of the oil, viscosity, etc. 
The presence of the oil slows down considerably the 
changes in equilibrium. Air recovers its moisture very 
rapidly (in a few minutes or a few hours), whereas dry 
paper immersed in oil recovers its moisture only very 
slowly (several days at 90°C, and several weeks at 50°C). 


INFLUENCE OF OXYGEN 


Oxygen dissolved in the oil has a direct effect on the 
paper and accelerates its ageing. The oil oxidation pro- 
ducts have only a subordinate effect, whereas the direct 
effect of oxygen is very important. In fact, tests showed 
that, in cells open to the outside air and filled with oil, 
the paper, with a moisture content of 0-3 to 0:5%, deteri- 
orated 2-5 to 3 times more rapidly than in cells sealed in 
avacuum, or under nitrogen, with similar moisture con- 
tents, at ageing temperatures of 90, 100, and 115°C. 


APPLICATION TO POWER TRANSFORMERS 


It was also considered necessary to determine the 
extent to which the above results could be applied to 
power transformers. For this purpose, measurements 
were carried out on the paper used in a number of trans- 
formers which had been taken out of service for rebuild- 
ing or rewinding. The insulating paper of these trans- 
formers, which were considered to be at the end of their 
service life, was found to have a degree of polymerization 
of the order of 100 to 200. This is a fairly narrow range 
of values, in view of the number of factors intervening in 
a decision to rebuild a transformer. However, it should 
be mentioned that, although the dielectric resistance of 
an oil-impregnated kraft paper is hardly affected by its 
degradation condition, the paper has no tensile strength 
and no resistance to compression when the degree of 
polymerization has a value of DP = 150, and, in such 
circumstances, the transformer can be expected to fail at 
the first short-circuit. 

As regards humidity, samples of paper were taken 
from a total of ten transformers of various ages, the 
water content of the paper being found to vary from 1-6 
0 47%. Since the moisture content after treatment 
at the factory was around 0-1 to 0-4%, these fairly high 
values are surprising. The samples were taken with due 
precautions, generally within 48 hr after the transformers 
were Out of service and immediately after removal from 
the tank. To confirm these results, dry paper was im- 
mersed in four large transformer tanks and their mois- 
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ture contents were measured after several months of 
continuous service. The values obtained were from 1-9% 
to 7:°2%, after periods of 6 to 12 months. It should be 
noted that, except in one case, the moisture content was 
always greater in the lower part of the transformer than 
in its upper portion, which is raised to a higher tempera- 
ture. 

These results have also been confirmed by previous 
tests on other transformers. Thus, paper samples from 
fifteen distribution transformers with power ratings from 
50 to 500 kVA showed water contents between 1-6°% and 
10-6%, with a mean value of 4°,, while other transfor- 
mers, Operated at very low temperature levels, showed 
much higher moisture contents, i.e., from 4-1% to 9-4%, 
with a mean value of 7-4°, i.e., substantially that of an 
ordinary kraft paper stored in air of 50°, relative humi- 
dity at 20°C. 

The general conclusion derived from these results 
therefore appears to be that, after some years of service, 
the paper acquires a moisture content which corresponds 
approximately to equilibrium, for its local temperature, 
with ambient conditions. The paper seems to be pro- 
tected against moisture only by its own temperature, the 
conservator acting as a retardant during periods of re- 
absorption of moisture. 

The question has been raised as to what would be the 
maximum heating a transformer could withstand to have 
a service life of, say, 30 years. A direct answer is evi- 
dently difficult, in view of the complex factors involved in 
such an estimation and the scatter of results. How- 
ever, an answer can be given to a simpler question re- 
garding the temperature that would reduce the degree of 
polymerization of paper to DP = 150 in 30 years for a 
given moisture content and in the presence of a moderate 
quantity of oxygen. Assuming that oxygen in contact 
with the oil in the conservator accelerates ageing by a 
factor of 2, calculations give the following values :— 


Water content [% ] r 2 3S 
Maximum temperature [°C] 95 89 86 


Now, the temperature of a transformer depends on 
variations in ambient temperature. Based on the average 
ambient temperature in France throughout the year, 
these values, for a final DP-value of 150 after 30 years of 
service, can be modified as follows :— 


Water content [%] 2s 
Maximum temperature [°C] 78 72 69 


It should be noted that the temperatures of 69°C 
corresponding to a water content of 3° is confirmed by 
current experience. If it were possible to maintain the 
paper in a better state of dryness, even higher tempera- 
tures would be permissible. 

To maintain the dryness of the oil, and hence of the 
paper, it is desirable to choose appropriate drying agents. 
Among these, phosphoric anhydride and calcium chloride 
should be avoided, as the former reacts with the paper, 
and the latter becomes deliquescent and affects the oil. 
Calcium sulphate, dried at 220°C, can be useful, as it 
forms a stable hydrate corresponding to a water absorp- 
tion of 9% by weight. Finally, zeolites can absorb mois- 
ture selectively, because their crystal lattice has pores of 
dimensions hardly greater than those of the water mole- 
cule. Termed molecular filters, these substances have the 
advantage of maintaining an absorbing capacity of about 
17% at 75°C, even at relative humidities of about 10%, 
as compared with silica gel or alumina under the same 
conditions, which have absorbing capacities of about 2%. 
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Comparative Performance of Spring-Driven Motors 


(From Machine Design, Vol. 31, No. 17, August 20, 1959, Pp. 17217 
6 illustrations) 


By F. A. Votta and C. R. LEIDIGH. 


ComPACT and convenient to use, spring-driven motors 
deliver controllable torque, where other energy forms are 
unavailable or poorly regulated, or where other types of 
motors are too expensive, complicated, or heavy. 

For the purpose of this article, motor springs are de- 
fined as elastic members capable of storing and control- 
ling the release of rotational energy through a number of 
turns. For this reason, helical springs and stiff, open- 
wound spiral torsion springs are not considered; similarly, 
although they can deliver several turns of torque and are, 
indeed, occasionally used as motor springs, e.g., in some 
cheap toys, long helical torsion springs are not taken into 
account, discussion being limited to the performance of 
conventional spiral power springs, prestressed spiral 
springs, and non-cumulative-force springs. 


CONVENTIONAL SPIRAL POWER-SPRINGS 


The oldest and most common motor spring is the 
close-wound, flat spiral spring (Fig. 1), also known as a 
clock-spring or mainspring. Invented almost 500 years 
ago for clocks and therefore responsible for the general 
term of “* clockwork ” to spring-driven motors, the con- 
ventional spiral power spring is a strip of spring-tempered 
material wound on an arbor and restrained within a cir- 
cular ring or cylindrical case, its inner end being fastened 
to the arbor, and its outer end to the restraining device. 

This spring stores rotational energy by being stressed 
in pure bending. When fully wound, all the material, 
except the extreme outer end, is coiled tightly about the 
arbor, and each coil is in contact with adjacent coils. 
When the arbor or restraining ring is released for rota- 
tion, all the coils expand to seek their condition of mini- 
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Fig. 1. Input and output curves of a conventional spiral power-spring. 
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Fig. 2. Input and output curves of a prestressed spiral spring of the sam 
weight as the conventional spiral power-spring shown in Fig. 1, 





The conventional spiral power-spring is a relative) 
inexpensive, compact mechanism, and its overall cylin. 
drical conformation and its rotation about a single axi 
make it convenient to use. However, since the stres 
build-up in the spring is cumulative, so also is energy 
storage. As a result, the moment delivered by the spring 
decreases throughout unwinding from a maximum at the 
instant of release to zero at full run-down. The inpu 
and output curves of a conventional spiral power-spring 
are also shown in Fig. 1, in which the useful-energy reci- 
angle is determined as the rectangle of maximum area, 
i.e., the maximum product of torque and turns. For this 
particular spring, of the total of 848 in.-lb of input energy 
a maximum of about 49 % is useful at a minimum torqu 
of 8 Ib-in. for 8} turns, i.e., 66 Ib-in. turns. 

This output characteristic may be desirable in som: 
applications, and the spring can be adjusted to deliver 
a particular moment at a certain position. However, i! 
minimum torque output is required, the spring can pro- 
duce this output at only one condition of winding. Atal 
other times the torque must be either too great or too 
small. The energy available at the lower torque outputs 
may have to be discarded, because it is either insufficien 
for the application or because excessive intercoil friction 
prevents the spring from delivering it reliably. 

All associated components, i.e., the transmission ele- 
ments, escapements, governors, and controls, must be de: 
signed to withstand the high peak torque when the spring 
is nearly fully wound. If a relatively constant speedis 
desired to drive a mechanism, the high torque complicates 
the governing, and stored energy must be dissipated. 

If both high and low extremes must be ignored, the 
efficiency and number of turns available are reduced. On 
way to increase the number of turns is to lengthen the 
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ring and to use thinner stock. However, intercoil fric- 
on is always increased when either the length is increased 
the material thickness is reduced. The practical limit 
ir the length-to-thickness ratio is about 15,000. Few 
delivers fonventional spiral springs operate through more than 
Maximynmwenty useful revolutions, fifteen turns often being con- 
hen com pidered the more practical limit. If the driven mechanism 
eme inpergmust operate through many more revolutions than the 
lowed byporing, gearing is necessary. ; 
'E In conventional spiral power-springs designed to de- 
iver the maximum possible number of turns, intercoil 
ction may interfere with the smooth run-down of the 
ving, and the longer and thinner is the spring, the more 
ronounced is this jump action. 
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/" \BPpestRESSED SPIRAL POWER-SPRINGS 


, A recent development in spring-motor drives is the 
prestressed spiral spring, which is related to both the 
—fonventional spiral power-spring and the non-cumulative, 
force spring to be discussed later. Introduced under the 
iade-name of ‘** Spir’ator ’’, the prestressed spiral spring 
pe 2) resembles the conventional spiral spring in ap- 
—— Byarance and operation, but is initially prestressed to 
— tight coil. The residual stresses introduced into 
ach increment of length are equal, so that the outer coil 
; as heavily stressed as the inner coil. 
The outer end of the original tight coil is reverse-bent 
bad fastened to the arbor, the inner end being secured to 
he case. The high initial stress produced by forcing the 
> ready uniformly heavily stressed material inside out 
hrovides a high resisting moment at the start of winding. 
f the sam #'S angular deflection progresses during winding, stress 
Fig. 1, Bnd torque throughout all the material increase gradually. 
The residual stresses permit higher working stresses 
ind, in turn, thinner material and greater length in the 
hime case size. Also, the inherent outward thrust of the 
material causes a greater proportion of the length to be 
itive throughout deflection. 
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ll cylin. 
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e stress 


aie Like the conventional spiral power-spring, the 
. i ‘Spir'ator ” spring is a compact, single-axis mechanism, 


However, because it utilizes the material at a higher stress 
vel, it develops more of the energy-storage potential of 
he material for a given life requirement. The input and 
utput curves of a prestressed spiral power-spring of the 
me weight as the conventional spiral spring in Fig. | 
r shown in Fig. 2. In this case, of the total of 1088 
lb of input energy, a maximum of about 51 °% is useful 
hia minimum torque of 4-4 Ib-in. for 20 turns, i.e., 88 
bin. turns. 
The outstanding application characteristic of the pre- 
bey" iressed spiral spring is its ability to sustain the delivery 
a useful torque through many turns as indicated in Fig. 
Atal e and, in fact, motors capable of producing as many as 
0 turns have been successfully designed. Since a longer 
pring, capable of producing a greater proportion of use- 
jul torque, can be used, lower gear ratios and lighter-duty 
parts are possible than with a comparable conventional 
piral spring. On the other hand, the prestressed spiral 
on ele fins is not so well-suited to applications where a widely 
be de Hdjustable output is desired, because the narrow range of 
orque variation ceases to be a great advantage. No maxi- 
peed pum length-to-thickness ratio has yet been established, 
licates ut experience indicates that satisfactory operation can 
“4. k obtained with ratios in excess of 15,000. Intercoil fric- 
od, the lon is always present and, depending on design propor- 
1. One fo" Jerky action may occur. 
: With regard to efficiency, comparison of Figs. 1 and 
shows that the prestressed spring is slightly more effi- 
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Fig. 3. ** Neg’ator “* type-A non-cumulative-force spring motor. 





Fig. 4. ** Neg’ator ’* type-B non-cumulative-force spring motor. 


cient than the conventional spiral spring, i.e., about 51 °,, 
is compared with 49%. However, for the same weight 
of material, it produces more total useful energy, so that 
it is much more efficient in terms of the useful energy, 
compared with the energy potential of the material. 
Finally, insofar as fatigue life is concerned, it may be 
mentioned that the maximum stress and the operating- 
stress range are the primary influences on the fatigue life 
of a motor spring. Compared with those of a conven- 
tional spiral power-spring, the working stresses of the 
** Spir’ator ’’ spring are very high but, as its operating- 
stress range is much less than that of the most highly 
stressed portion of a cumulatively stressed conventional 
spring, the two factors tend to compensate one another, 
so that the life characteristics of these two types of spring 
are similar. 


NON-CUMULATIVE-FORCE SPRINGS 


Introduced in 1949 under the trade-name of ** Neg’- 
ator ’’, the non-cumulative-force spring, which is similar 
neither in appearance nor operation to spiral springs, is a 
strip of spring material which has been given a curvature 
by continuous heavy forming and thermal processing, so 
that, in its relaxed condition, it takes the form of a tightly 
wound spiral, storing energy by resisting the withdrawal 
of material from the tight spiral. When mounted for free 
rotation, the material resists withdrawal from the coil 
with a force that is constant, regardless of the extension 
length. The restraining force depends only on the work 
required to deflect the material from the preset curvature. 
Consequently, as long as each incremental length of the 
spring undergoes an equal increase in stress as it is 
straightened, the spring force remains constant. 

The ‘* Neg’ator ” spring itself delivers force linearly. 
as distinct from a spiral spring, which produces a torque 
moment directly. However, because of its great length 
and flexibility, it is well suited for imparting a linear force 
at the periphery of a drum to produce rotation about the 
drum axis. This arrangement is called a type-A motor 
and is illustrated in Fig. 3. This mounting is equivalent 
to two “ Neg’ator’’ extension springs opposing each 
other. The spring on the larger drum is weaker than that 
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Fig. 5. Input and output curves of a ‘‘ Neg’ator’’ type-B non-cumu- 
lative-force spring motor of the same weight as the spiral springs shown 
in Figs. 1 and 2. 

on the smaller drum, because the curved material on the 
larger drum is over-expanded. The force exerted by the 
smaller coil overcomes that exerted by the larger, with- 
drawing the material from the larger drum and imparting 
rotation to it. 

A more powerful and efficient drive is the “* Neg’ator ”’ 
type-B motor shown in Fig. 4. As in the type-A motor, 
the material is mounted on, but is usually not fixed to, a 
smaller take-up spool which is allowed to rotate freely, 
the outer end of the spring being extended and anchored 
to a larger output spool. To charge the unit, the output 
spool is rotated to withdraw the spring material from the 
smaller spool. However, in the type-B motor the material 
is coiled about the larger spool counter to its normal cur- 
vature. Thus, in being transferred from the take-up spool, 
the material is first straightened, and then bent backwards 
about the output spool. 

When all of the material has been withdrawn from the 
take-up spool and reverse-coiled about the output spool 
(in practice several turns are usually left on the smaller 
spool), the unit is fully charged. Release of the output 
spool allows the material to revert to its natural pre- 
stressed curvature by returning to the smaller spool, 
thereby imparting rotation to the output drum. 

The material undergoes no change in stress while it is 
coiled on either spool. In fact, whatever portion is coiled 
on the take-up spool at any time is at virtually zero work- 
ing stress. The material undergoes a change in stress only 
as it passes from spool to spool, so that the entire length 
of the spring is stressed during winding or unwinding in 
a truly non-cumulative manner. The torque produced 
by the motor about the output axis can be almost per- 
fectly constant from start to finish. 

The torque results from two actions, i.e., the pull of 
the extended spring about the periphery of the output 
drum, and the moment required to back-bend the 
straightened section to conform to the curvature of the 
output drum. Output torque depends on material width 
and thickness. However, angular displacement, the other 
factor determining the work performed, depends simply 
on the length of material, and this is limited only by the 
space available. 

To produce a type-B motor providing a constant out- 
put moment, it is necessary to vary the incremental 
stresses introduced during forming, so that the force 
exerted at the periphery of the output coil will increase 
during run-down, to compensate for the constantly de- 
creasing diameter, or lever arm. Uniform maximum 
stressing of each increment of length produces the most 
efficient type-B motor, but then output torque gradually 
decreases at a constant rate. Since there is no relative 
motion between adjacent coils, the friction losses in a 
type-B motor are in the bearings only. 
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The major operating advantage offered by this two vest 
spindle spring motor is its ability to deliver Nearly coq Nov 
stant output torque over a large number of turns. 1) V.1. No 
combination often permits design of a spring moti 
which can supply the required torque for the desir MucH of th 
number of turns directly to the driven device Withou| wreeh of s' 
intermediate gearing, and with freedom from jumping is of tests 
or skipping action. ga yez 

The practical limit to the number of revolutions fo; mild steel ar 
producing maximum work at constant torque with established. 
“* Neg’ator’’ type-B motor is about 60 turns but, iff Such cor 
slight linear output gradient can be accommodat ures, but al 
type-B motors can deliver up to 100 turns. As a resultg thickness of 
the extremely long deflection provided by the type-Bffailure can 
motor, a large amount of useful energy can be provideihests on act 
as shown in Fig. 5, in which, out of the total input energy fiemperature 
of 960 in.-lb, 80% is useful at a constant torque of 2s] An inves 
Ib-in. for 50 turns, i.e., 125 Ib-in. turns. With a view 

In many instances, the spring can be designed bf tubular | 
deliver the exact number of turns available, so that gear Rnvestigatio 
ing can be eliminated or reduced, and other associate he used un 
components can be designed down, as they need not sy. peratures, S 
tain excessive torques. Furthermore, the constant. ency to bri 
torque output or low linear gradient of the type-B motor} The spe 
permits easy control of output. Occasionally, this con. types of we 
stant-torque performance is misinterpreted as a constant-Ayure of —€ 
speed property, but naturally this is not the case, and aeasiest to | 
governing device is still necessary to achieve constanif pronounces 
speed, though the level torque output of the moto] In the j 
greatly reduces the complexity of this requirement. jement is 
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isnginvestigation into Methods of Welding Tube Ends to Gussets 


ly con jy V. I. Novikov, V. A. KOVTUNENKO, and O. I. SHuMitsKyI. (From Automaticheskaya Svarka, No. 4, 1959, pp. 3-13, 
. The 9 illustrations) 


MOtor , . . ee eee ‘ 
desieifucu of the existing experience on which the stress continuities in the welded seams securing the end of the 
vithoufhnalysis of structures rests has been accumulated on the tube to the flange. 


Impinghasis of tests in which ductile failure predominates but, 
in recent years, the importance of brittle failure, even in 
ONS forfmild steel and other basically ductile materials, has been 
With afestablished. 
it, iff Such conditions exist not only at sub-zero tempera- 
ddatedff res, but also under fatigue loading in cases where the 
sult off hickness of the elements concerned is such that brittle 
type-Wffailure can occur under static loading. For this reason, 
Ovidedftests on actual welded structural elements at sub-zero 
€nergyftemperatures are of special interest. 
of 2s} An investigation has been carried out by the authors 
with a view to establishing a practical and reliable design 
ned thf tubular framework joint of the gusset type. In this 
it gear: investigation, it has been assumed that the structure is to 
Ociatedfhe used under static load conditions at sub-zero tem- 
Ot Sus-freratures, SO that the welded joints must show no tend- 
Nstant-fency to brittle failure under these conditions. 
motor] The specimens used, which were replicas of several 
is con-fiypes of welded joint, were tested in tension at a tempera- 
Nstant-fure of —60°C, five types of joint (Fig. 1), which were 
and dfeasiest to produce and which did not appear to have 
onstanif pronounced stress raisers, being selected for these tests. 
motor} In the joint shown in Fig. la, the end of the tubular 
t. lement is flattened in the hot state, and is then lap- 
veded to the gusset by means of fillet welds. In this 
—" lfiesign, there is a certain eccentricity in the transmission 
)f forces from the gusset to the tube. Points (1) of the tube 
in Fig. la underwent substantial plastic deformation in 
He process of flattening. 
In the joint shown in Fig. 1b, the end of the tube is 
closed by rolling, and is then slotted to receive an inter- 
mediate plate, which is welded in place by fillet welds and 
to the gusset by lap welds. In this joint, the transmission 
of force from the gusset to the intermediate plate is also 
eccentric, but a more important special feature is the fact 
that the transmitted force in cross-section I-I is concen- 
lrated at the points (2), so that stress distribution in this 
——fiross-section is extremely uneven. 
The joint in Fig. Ic is similar to that in Fig. 1b, the 
only difference being that there is no eccentricity in the 
——fransmission of force. Similarly, in the case of the joint 
shown in Fig. 1d, although it is basically like that in 
Fig. la, eccentricity in the transmission of force has been 
—— avoided, but at the same points there are sharp stress 
raisers in the form of discontinuities. Finally, the joint 
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hown in Fig. le is a T-weld to a flange which is itself Fig. 1. Various methods of joining tubes to a gusset. 

welded to the tube. Thus, in tension tests at sub-zero temperatures on 
) ape Work carried out in Russia during the past few years specimens which were replicas of the above five types of 
I havin has shown that brittle failure of welded joints at sub-zero joint, it was possible to make a selection of the best 

emperatures, with a sharp decrease in nominal strength, method of securing a tube to a gusset. 
) winds possible in cases where a sharp stress raiser is located 
indingpn a region with high local stresses and has an unfavour- INVESTIGATION INTO THE STRESS DISTRIBUTION IN TUBULAR 
arging ble orientation in relation to these stresses. Examination ELEMENTS IN A CROSS-SECTION NEAR THE GUSSET 
ywardsgon this basis of the welded joints illustrated in Fig. 1 For the purpose of this investigation, specimens, made 
noted fiows that it is precisely these unfavourable conditions of a low-carbon mild steel of a type normally employed in 
ack offWhich are being created in the joints shown in Figs. 1a, b, welded frameworks, were prepared. These specimens, 


cation, } and d. For this reason, it was only to be expected that which were similar to those illustrated in Fig. 2, were 
powel ese joints would prove unsatisfactory. With regard to replicas of the essential parts of the joints discussed above 
npera: he joint shown in Fig. le, stress distribution will be and shown in Fig. 1. Stresses in the specimens were 
: ufficiently even, provided that the flange for the T-weld measured by means of strain gauges located at various 
onship rigid enough, so that the strength of such a joint should points. 

he greater, irrespective of the possible presence of dis- It should be noted that, when preparing these speci- 
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Fic. 2. Specimens used for investigating stress distribution and static 
strength. 

mens, it was very difficult to maintain concentricity of the 
individual parts during welding, the axis of the specimen 
always being slightly misaligned. Moreover, the design 
of the clamps of the tensile test machine used did not 
ensure centring of the specimen. Consequently, during 
loading of the joint, the formation of additional stresses 
due to bending was not precluded. As a matter of fact, 
under practical conditions of joint fabrication, the 
formation of such additional stresses is also inevitable. 

The specimens were tested under loads of 500 and 
1000 kg/cm?. Under a load of 500 kg/cm”, the specimens 
shown in Fig. 2a began to deform plastically, straighten- 
ing out and tending to assume the shape shown in Fig. 3. 
Measurements made after applying the load of 1000 
kg/cm? showed that, at certain points, tensile stresses 
exceeded the nominal design stresses by a factor of 2 or 3, 
while at other points compressive stresses developed. 
Consequently, the distribution of stresses in this parti- 
cular joint is extremely uneven. 

Similar results were obtained with the specimen 
shown in Fig. 2d, whereas the non-uniformity of stress 
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distribution was somewhat less in the case of the sp 
mens shown in Figs. 2b and c. The best results ad flange 
respect were provided by the specimen shown in F; loads bets 


. ig. 3 
However, unless the stiffness of the flange in this ‘a 






stresses of 
is adequate, non-uniformity of stress distribution j within “ 
creases, and the stresses will rise in those Tegions of ul” imate tl 
tube located opposite to the webs of the T-joint, that, In 
The results of these stress measurements Showed tha, 









in all the joints tested, with the exception of that in Fig tube, yy 
2e, the distribution of stresses is extremely uneven, 4 a ' 
the same time, in those regions where high tensile stre - ’ 
are present, a stress concentration occurs, Owing to ti porte 
abrupt change in cross-section. In some of the specimen along de 
i.e., those in Figs. 2b, c, and d, discontinuities may exi = 1 
in the higher stress regions. ue 

substant! 


INVESTIGATION INTO THE STATIC STRENGTH OF Dirrereyy nection, 
JOINTS BETWEEN A TUBE AND A GUSSET similar t 
thicknes 


ive types of joint, similar to those illustrated in Fig were We 


2, were subjected to rupture tests, the specimens cop 
prising tubes of 127 mm diameter and 4-5 mm thickne« ol 
made of a steel containing 0-17% C, 0:-49% Mn, 027" — 
Si, 0-12% Ni, 0-04% Cu, 0-035% S, and 0-026% P. Th gacon 
material had a yield strength of 39 kg/mm2, an ultimad ce) 
strength of 56 kg/mm”, an elongation of 33-5% and4 -* es 
reduction of area of 71-1°%. ie 
In six of these specimens, i.e., three each of the typs r" rn 
shown in Figs. 2a and d, the ends of the tubes wer re t 
flattened in a hot state under a mechanical hammer, | ve y 
six other specimens, i.e., three each of the types shownir re 
Figs. 2b and c, the ends of the tubes were cut into petd- ee 
like shapes with an oxygen cutter and, after heating, wer . 
bent together and welded to each other. Before testin 
all specimens were cooled to a temperature of —60°C iq 
a bath of petrol and dry ice. 
It was found that the specimens similar to those i 
Fig. 2a failed under loads of between 26 and 54 ton 
corresponding to nominal stresses of from 17 to} 
kg/mm?, failure initiating at the tube wall adjoining th 
gusset. The three specimens similar to those in Fig. 8 Iw tac 
suffered brittle failure at loads between 49 and 85 tom first ni 
corresponding to nominal stresses of from 32 to ‘} Light! 
kg/mm?. With these particular specimens, thf quant 
minimum failure stress proved to be lower than the yielf pulen 
point of the steel from which the tubes were mat fuctu 
Failure of all these specimens initiated at the edge of thf and t 
plate, i.e., at the point of location of the sharp stres§ theor 
raiser. Similar results were obtained in the case of th rapid 
three specimens of the type shown in Fig. 2c, failut} nozzl 
occurring at loads between 55 and 72 tons, corresponding} noise 
to nominal stresses of from 36 to 46 kg/mm?. If 
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Fic. 3. Straightening of the tube walls under initial loading of tf com 


specimen shown in Fig. 2a. 


The three specimens of the type shown in Fig. 2! 
suffered brittle failure at loads between 39 and 69 ton 
corresponding to nominal stresses of from 25 t 
45 kg/mm2. The results of these tests showed that thes 
specimens were slightly superior to those of the tyr 
shown in Fig. 2a. 

Quite different results were obtained in tests on tt 
specimens of the type shown in Fig. 2e, some of whit 
failed in the parent metal remote from the weld, whik 
others failed near the welded seam joining the tube to th 
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of the SPeqy 
eSults in i 
Nin Fig ¥ 
his spegj 


. With these ten specimens, failure occurred at 
loads between 64 and 86 tons, corresponding to nominal 
stresses of from 41 to 55 kg/mm?, the failure-loads lying 
.» Pein shin narrow limits, and the nominal stresses close to the 
reat itimate strength of the metal. It must be emphasized 
SIONS of ti - in this group of specimens, the stresses are suffi- 
int, ently evenly distributed along the circumference of the 
howed that rm especially when the flange possesses substantial 
that in Fy igidity. In fact, these tests clearly demonstrated that it is 
uneven, Af ible to obtain high strength when joining a tube to 
ile stresy ; plate, provided that the stresses are distributed evenly 
Wing 0 i ong the circumference of the tube; this requirement can 
 SPecimeay be made by joints using adequately rigid flanges. 
*S may ei As already mentioned, the stiffness of the flange has a 
wuibstantial effect on the strength of the joint. In this con- 
nection, additional tests were carried out on specimens 
similar to those shown in Fig. 2e, using flanges of different 
, thicknesses, i.e., 12, 18, and 24 mm. In addition, webs 
ated in Fy were welded onto the inner side of the flange to provide 
MENS Con, greater stiffness. The results of rupture tests on these 
1 thicknes specimens at a temperature of —60°C are given in Table I. 
Mn, 027} anexamination of Table I shows that, with the 12-mm 
%oP. Thi fanges, the nominal failure stresses are small and that 
in ultima failure initiated in the welds, whereas, with the 24-mm 
‘or and # fanges, failure occurred in the parent metal. In the case 
of the 18-mm flanges, failure also eccurred in the welds, 
the failure stress approaching the ultimate strength of the 
parent metal of the tube. Examination of those speci- 
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TABLE I: TESTS ON SPECIMENS WITH DIFFERENT FLANGE THICKNESSES 





Thickness of Load to Nominal 





























Flange Failure Stress Remarks 
{mm] [tons] {kg/mm2] 
Failure initiated in the 
12 55 ; 35 welds of the internal 
| webs. 
Failure initiated in the 
12 56 36 weld and propagated 
spirally in the parent 
metal. 
18 78 51 || Failure along the weld. 
| Ductile failure in the 
18 83 54 parent metal. 
Ductile failure in the 
24 82 53 parent metal. 
| . E 
Ductile failure in the 
24 80 | 51 parent metal. 





























made with flanges of 18 and 24 mm thickness possessed 
satisfactory strength. 


CONCLUSIONS 


Of the five methods of joining an element of tubular 
cross-section to a gusset, the most reliable is that of a 
joint incorporating an end flange. However, with this 
joint, it is necessary to provide sufficient flange thickness, 
so as to ensure that the distribution of working stresses 





immer. If sens which failed along the weld revealed substantial along the entire circumference of the tube at the weld is 
$ shown defects in the form of discontinuities, and failure initiated as even as possible, and also to reinforce it suitably with 
eed at these defects, though, despite their presence, the joints stiffeners. 
, Were 
Te testing 
—60'°C in "Wm 
> those it > ° ° 
54 to The Suppression of Noise from Jet Aircraft 
ining ‘ By H. W. Apams. (From Mechanical Engineering, Vol. 81, No. 8, August 1959, pp. 61-63, 7 illustrations) 


n Fig. 24 |y tackling the problem of jet-noise suppression, it is 
1 85 ton first necessary to find out how jet-engine noise is created. 
32 to SP Lighthill’s theory, although not completely useful 
ens, tf quantitatively, shows that jet noise is created by tur- 
the viel bulent eddies having velocity and therefore pressure 
re macs fluctuations at the interface between the fast-moving jet 
ige of thf and the slow-moving body of air surrounding it. This 
ITP Stf theory also indicates that noise increases extremely 
Se of tel rapidly as the relative velocity is increased. Changes in 
"s failur nozzle size cause a frequency shift but no change in total 
sponding} noise energy for the same mass and velocity. 

If a 24-in. jet is subdivided into sixteen 6-in. jets, the 
total noise energy remains unchanged, although the fre- 
quency is raised by a factor of four, i.e., the ratio of the 
linear dimensions of the nozzles. In effeet, this means that 
the eddy size scales down linearly with jet diameter, giving 
rise to two effects, i.e., (1) the frequency shift may put 
some of the noise above audibility range, and (2) 
high frequencies within the audible range, while perhaps 
Fig, 2{f More annoying, are more highly attenuated by atmo- 
69 ton§ SPheric absorption than the low frequencies. Thus, the 
25 1 fall-off of intensity with distance will be greater for the 
at thee§ Smaller nozzles. However, experiments show that the 
he type§ acoustical effect of subdivision of a nozzle is greater than 
can be explained by these two effects. To account for 
on ter§ this, the mechanism of noise creation, i.e., the shear 
f whic § between the jet and the surrounding air mass, must be 
1, whik§ "examined. Since the effect of adjacent jets is to 
e to th ¢Ntrain more air and thus more rapidly accelerate the 
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surrounding air mass, the relative shear and hence the 
noise will reduce more rapidly downstream than would 
be the case with a single jet. 

Another means of accomplishing more rapid accelera- 
tion is to surround the jet with a tube, called an ejector. 
The effect on noise-source strength obtained with an 
ejector is shown in Fig. 1. 
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Fig. 1. Comparative noise-source strengths on an arbitrary scale in 

terms of distance downstream for a jet with and without an ejector. 
Although these methods of suppressing jet noise 

may seem obvious now, considerable time and money 

have been spent on this problem before these conclusions 

were finally reached. 


SUPPRESSOR-REVERSER DESIGNS 
When considering the problem of jet-noise suppression, 
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it should be borne in mind that the jet-engine nozzle 
region must be modified to provide reverse thrust, as well 
as noise suppression. In this connection, the six main 
requirements, not necessarily in order of importance, 
would appear to be (1) optimum amount of noise sup- 
pression, (2) minimum thrust loss at take-off and in 
cruise, (3) minimum aerodynamic drag, (4) light weight, 
(5) optimum degree of reverse thrust, though not neces- 
sarily the maximum possible, which implies 180-deg. 
reversal of the gas stream and leads to re-ingestion of 
exhaust gas into the engine, and (6) safety and reliability. 


LOWER TRACK 





THRUST@8RAKE BUCKETS 
Fig. 2. The thrust-brake solution to the suppressor-reverser problem 


adopted in the Douglas DC-8 aircraft. 

In examining possible designs with respect to these 
requirements, it has been found that: 

(1) If optimum noise suppression cannot be reached 
by subdivided nozzles alone, the addition of an ejector 
providing several decibels more suppression. 

(2) Low thrust loss implies minimum subdivision of 
the nozzle and no leakage through the tailpipe ahead 
of the jet exit. This in turn implies that a target-type 
thrust reverser aft of the jet exit will have an advantage 
over a thrust reverser with valves in the tailpipe ahead 
of the nozzle, because of the difficulty of providing com- 
pletely leakproof seals. 

(3) Low aerodynamic drag also implies minimum 
subdivision of the nozzle—the most aerodynamically 
clean nozzle—and requires that an ejector be retract- 
able if used. 

(4) Light weight generally implies fixed parts, i.e., 
fixed suppressor, fixed ejector (if used), and a simple 
reverser. 

(5) High reverse ability implies minimum subdivi- 
sion of the nozzle if a reasonable size target-type 
reverser is to be used. 

(6) From the standpoint of safety and reliability, 
a fixed suppressor is certainly advantageous. It is also 
desirable from the safety standpoint to have no inter- 
ference with the basic thrust producer, that is, the 
engine tailpipe-and-nozzle system. This implies the 
use of a target-type thrust reverser. 

These requirements are to some extent conflicting. 
The solution chosen for the Douglas DC-8 aircraft 
involves the use of an 8-lobe corrugated nozzle in com- 
bination with a retractable ejector thrust brake, as shown 
in Fig. 2. Since the objective of jet reversal is to provide 
braking both on the ground and in flight, the Douglas 
reversing system is referred to as a “thrust brake’’. 
The nozzle has minimum subdivision consistent with 
good sound suppression and, according to test, is the 
best aerodynamically. 

The target-type thrust reverser also has great reli- 
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ability because it has no interference with the basic thryy. 
producing system. With an ejector, the thrust Teverser 
becomes a simple set of two pivoted reversing buckex 
with the pivots arranged to fail safe by swinging to i, 
forward thrust position under the dynamic jet pressur 

The results of an investigation into the Possibility of 
improving as much as possible the sound and thny 
performance of corrugated nozzles have indicated that 
for optimum sound-reduction characteristics, a nozk 
should have as large an outside diameter as possible, no, 
less than eight lobes, and at least 90°% of the exhauy 
area distributed in the lobes, ice,, no; 
more than 10% of the exhaust are 
should be located in the annular Passage 
near the bullet. 

For minimum thrust loss, it has been 
found that the nozzle should have , 
cross-sectional flow area which is tel. 
tively constant over most of its length 
with rapid convergence to the final ex 
area, and that the smaller is the numbe 
of lobes, the less is thrust loss. 

To meet the requirements of high 
reliability and good dimensional stab. 
ility, a “* triple-bubble ** nozzle has been 
designed and has negligible temperature 
and pressure distortion under service 
conditions. Internal vanes and radial 
struts are incorporated, to place stress. 
carrying material in tension, and the top lobe is r. 
duced in height to eliminate washing of exhaust gas over 
the pylon. Relatively heavy sheet is used in the “‘valley 
between the lobes. Radial struts, welded to the heavier 
material and bolted to a ring inside the bullet fairing, ar 
used to retain the corrugated shape. Nozzle-area adjust: 
ment is provided by means of an adjustable bullet cone 
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EJsyECTOR THRUST BRAKES 


Ejector tests have indicated that optimum sound and 
thrust performance are obtained when (1) the ejector is 
made as long as possible, (2) its internal lines are smooth, 
unbroken, and approximately cylindrical, (3) its exi 
diameter is equal to or slightly greater than the outer 
diameter of the nozzle, (4) its leading-edge thickness 
sufficient to eliminate separation in static operation, and 
(5) its leading edge is located slightly aft of the nozzle 
exit plane. 

The following design criteria were established during 
test work on this type of thrust brake : 

(1) Moderate aft sweep on the buckets in the braking 
position has little effect on reverse thrust, whil 
aft sweep is desirable for stabilizing gas flov 
during the braking operation. 

The length of the aft lip extension, which serves 

to turn the flow in a forward direction has : 

relatively small effect on performance, th 

optimum length being approximately one-third 0! 

the reference-nozzle diameter. 

Corrugated nozzles with large centre bodie 

produce less reverse thrust than corrugated 

nozzles with small centre bodies. 

(4) The ejector leading-edge shape and geomet!) 
have little effect on reverse thrust. ; 

(5) The percentage of reverse thrust is relative! 
insensitive to power setting under static operating 
conditions. 

(6) This type of thrust brake has a negligible effec 
on engine operation. 
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A production ejector has a structure designed to 
withstand full aerodynamic braking for any condition 
within the flight envelope of the aircraft, and any forces 
which may occur in the event of a bucket failure in the 
thrust brake. The ejector is supported from a track 
mounted below the pylon firewall. Longitudinal and 
vertical loads are taken out through the pylon structure. 
Lateral stability is provided by a link attached to the 
lower leading edge of the ejector, which rides a lower 





track supported from the engine and nozzle. The inner 
skins on both the thrust-brake buckets and the aft 
portion of the ejector are slip-joint-supported to allow 


for thermal expansion. The thrust-brake buckets are 
“ounted on stainless-steel shafts which rotate in self- 
uligning bearings attached to shear plates at the top and 
bottom of the ejector. The thrust-brake pivot axes are 
so located that bucket retraction is effected by jet forces 
in case of failure. 


Electronic Straight-Edge for Indicating Surface Flatness 


By P. E. CARBONE. (From The Tool Engineer, Vol. 


CHECKING the flatness of machine ways, surface plates, 
and small areas such as the anvils of micrometer calipers 
s essential, and many devices have been developed to 
detect variations of a few millionths of an inch in critical 
workpiece measurements. 

There are, however, some conditions where the surface 
ofa workpiece must be checked rapidly, but with the only 
requirement of determination of the overall flatness or 
curvature for a prescribed length. In such cases, optical 
flats are unsuitable, Owing to their small size, while 
autocollimation and similar methods are usually too 
time-consuming. 

To fulfil the need for a fast checking method, an elec- 
tronic straight-edge has been developed and is capable of 
measuring flatness to within 0-000025 in. over a length of 
120in. As the basis of this design, the phenomenon of a 
bar deflecting from its own weight has been utilized, the 
deflection d in a bar being a maximum at the centre and 
determined from the well-known equation 


d = 5wl?/384 El so @ 


The stress at this centre position is also a maximum, 
since the bending moment is maximum. 

The basic elements of the electronic straight-edge 
comprise a cast-iron bar, usually 24 in. or more in length, 
and four resistance strain gauges. When checking a 
scraped surface, the deflection of a bar is generally so 
small that amplification of the measured distance between 
the centre portion and the ends must be made to obtain 
usable data. For this purpose, an electronic amplifier is 
used to amplify and compare the signal output from the 
strain gauges, which are connected in a Wheatstone 
bridge mounted on the checking bar, with a reference 
signal and a built-in discriminator circuit. 

Two of the strain gauges are bonded to the top of the 
bar and the other two to the bottom of the bar. When the 
bar is placed on a surface to be checked for flatness, it 
will conform to the surface, and the upper strain gauges 
will be either stretched or compressed, and the lower 
gauges, correspondingly compressed or stretched, depend- 
ing on the convexity or concavity of the bar. As the 
gauges are connected to the opposite arms of the Wheat- 
stone bridge, they cause an unbalance in the bridge, this 
unbalance being directly proportional to the stress and 
deflection. The output is amplified and the condition of 
the surface is indicated on a meter. 

For calibration, the electronic straight-edge is placed 
on a nearly perfect flat surface and a null point is deter- 
mined by alternately testing the lower and upper edge on 
this surface. Having obtained this null condition for a 
flat surface, the bar is then checked to determine the 
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maximum sag or deflection. Knowing this measurement, 
the amplifier is then adjusted so that each meter division 
corresponds to a specific increment of the total sag. 

Since all the relations of stress, strain, deflection, and 
concavity or convexity are linear, it follows that the elec- 
tronic straight-edge is a linear reading device which is 
useful for checking the flatness of surfaces within a pres- 
cribed range, as determined by the maximum possible 
deflection of the bar. Calibration of surface plates for 
deviations from flatness is a practical application for this 
equipment. With accurate records, these measurements 
can be used to indicate the surface-plate condition after 
use, for proper recalibration. 

The tool is used under normal shop conditions. Thus, 
the operator has a means of rapidly checking the contour 
of the surface plate being scraped. With a marking plate 
and the electronic straight-edge, the condition of the 
surface being finished can quickly be determined. 





Comparative Performance of 
Spring-Driven Motors 
(Concluded from page 404) 


between the size of the drums and the outside diameter 
of the material coils must fall within a certain range. 
Reduction in lever arm as the material pays off the out- 
put spool must not be so great that it cannot be compen- 
sated for in the manufacture of the spring without ser- 
iously reducing its efficiency. However, if a low output 
gradient is acceptable, the effect of the space limitation 
on total deflection is reduced. 

Because of the exceptionally high repetitious operat- 
ing stresses, fatigue is an important consideration in 
type-B motors and imposes a major application limita- 
tion. As a result, a well-conceived idea of the required 
number of operations is almost mandatory for successful 
application. 

The space required may be a limiting feature of the 
** Neg’ator ’’ spring in some applications, as the con- 
figuration required with two spindles may be more in- 
convenient than uniaxial spiral springs. This limitation 
is often mitigated by two factors, i.e., (1) the volume of 
spring material for required useful energy is less than for 
spiral springs, and (2) the spindles may often be concen- 
tric with other required elements of the mechanism being 
driven. 

Energy comparisons of the three types of motor 
springs discussed in this article are given in Fig. 6 on page 
404, in which the shaded portions represent the energy 
lost in each case by friction. 
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. ° . e MP. 
Noise Generation in Radial Fans = 

By G. HUsNer. (From Siemens Zeitschrift, Vol. 33. No, 8, August 1959, pp. 499-505, 15 illustrations.) / 

THE development of modern electrical machines has were taken in an anechoic chamber with a volume ¢! MP, 

brought about a requirement for increased quantities of 100 m°, the test arrangement being shown in Fig, 3, |p 

cooling air, which in turn increase aerodynamic noise if these tests, the overall loudness of the rotor and the fre : 

acoustic considerations are not taken sufficiently into quency spectrum of fan noise were determined for vatiow > 

account in the design and arrangement of the cooling operating conditions. 

system. Usually, most of the noise is generated in the } 

fan, and an assessment at the design stage of the operat- SOUND-LEVEL MEASUREMENTS FOR A RADIAL Fan wry 

ing conditions which make measures for noise reduction FREE DELIVERY 


necessary requires a knowledge of the factors and rela- 


; : > : At any aerodynamic operating poi -delive r 
tionships governing fan noise. y y 4 & point, the free-deliver 


sound level S of a fan is a function of the fan geometry ¢ 
44 the rotational speed N, and the flow rate V; it also ¢. 






























































FAN A ee 
; “<2 pends on the microphone position and on the acousticf 47777 
= properties of the room in which the measurements ar 
taken. For the microphone position MP, in Fig. 3, at, tl 
distance of 1 metre from the hub of the fan and at ar pei 
angle of 45 deg. to the fan axis, it is possible to expres won 
| a7 t- the sound level S as — 
Ys ae metry ¢ 
H S 10 logio (Au’) —.... ad Bcd (1) ; 
o + ' | f d DEPEND 
0 | where A is a factor taking account of the fan geometn The 
E | G and the flow-resistance parameter &, and u is the blade. 
E\: ' > © : : : Lees Dabs a rotatl 
ons Sih case iH -8—8 tip peripheral speed, which has an exponent b, justified throttlit 
- | when a straight-line relation is obtained with sound-leve off. and 
: } 4 plotted against log u for a constant throttling position of : oi 
- t - DRIVE SHAFT the orifice O in Fig. 3. The tests confirmed that this was ao 
| ‘Hua | | fied oe in fact, the case for the fan investigated, as shown in Fig.4] The 
A The flow rate V, frequently appearing in literature a with pe 
ee yj I! an independent parameter, is not used in eq. (1), since} .. < 
is also a function of peripheral speed uv. Moreover, it ris 
\ value is difficult to determine under certain conditions “sit 
nee pe INTAKE z : : from 5 
L e.g., when the intake orifice O of the fan is closed. In Levels 
eee this case, there is a delivery in the radial direction, owin 5:5 
; apeck to the rotational effect of the outer surfaces of the fan.f ) or 
Fig. 1. Details of the radial fan investigated. even though the flow passing through the blades is zeto | 
It is true that investigations into the noise of fans and In contrast, the resistance parameter & is easier | — 
electrical machines were made between 1930 and 1940 and determine, and also allows a distinction to be made be — 
that equations, of more recent date, exist for estimation the shi 
of loudness. In addition, various papers have been pub- TE SEAS, On Myo of sper 
lished on the subject of radial-fan noise, but the relation- see 
ships obtained show considerable differences in some = 
respects, as they have been derived from fans operating rpm cable 
under different specific test conditions. It was therefore 4500--- — 
considered desirable to make an investigation into the and 
noise emitted by radial fans under reproducible test con- 4000--- - 
ditions and free from the interference effects of other 
parts of electrical machines. po 
For this purpose, a radial fan with 19 straight blades — 
(Fig. 1), of a type frequently used in electrical machines 3500-- wed 
and with the pressure/flow-rate characteristics shown in eon 
Fig. 2, was tested. The parameters used under free- He 
delivery conditions are the flow-volume parameter , the of po 
pressure parameter y, and the resistance parameter €, 2 - 
in which 3000--- DEPE} 
o = VIND® 2500- TH 
w = h\(N2pD?) It 
6 by ad 
— = w/o? = AD4/pv? 2000-- the vi 
where V = flow rate of air [m*/sec], 4 = head [mm H2O], 1500-- - - lor 6 
N = rotational speed [revolutions per second], p = prod 
mass-density of air [kg-sec?/m*], and D = intake-duct _ | —* rag 
diameter = 0-38 m. 0 02 04 06 o8 0 12 4 fal, 
The tests were made with the fan discharging into the FLOW RATE, m3/sec Prd 
open, without an outer housing, and all measurements Fig. 2. Pressure/flow-rate curves of the radial fan shown in Fig. | — 
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Fig. 3. Arrangement of the test installation. 


Fi, F, = Filters. 
R_ = Inlet diffuser. 
Oo Adjustable orifice. 
Ss Sound-absorbing wall, with an absorp- 
tion capacity higher than 90%. 
MP;, MP2, MP3, MP, Microphone positions 
(plan view, at level of fan axis). 
Pi, P2 








static-pressure measuring positions. 





that an increase in delivery is accompanied 
by an increase in loudness, without any 
noticeable minimum for the particular fan 








ween the rotational effect and the delivery. The non- 
dimensional expression for € is generally independent of 
peripheral speed wv. Its relationship with the fan geo- 
metry G has not as yet been determined. 


DEPENDENCE OF SOUND LEVEL ON PERIPHERAL SPEED 


The sound level of a radial fan can be resolved into 
, rotational component, which is generated under fully 
throttling conditions when the intake passages are shut 
off,and a delivery component, which occurs at any operat- 
ing point and which is superimposed on the rotational 
component. 

The rotational component of sound level S increases 
with peripheral speed u. The exponent b can be regarded 
asa constant only for parts of the speed range. From 
loudness measurements, 5 6:7 for peripheral speeds 
from 50 to about 100 m/sec (corresponding to loudness 
levels of 75 to 105 dB for the fan investigated), while b 

5-5 for peripheral speeds below 50 m/sec. In this 
lower speed range, the measurements based on sound 
pressure give b 4-6. These results confirm previous 
findings '-?, which show that, over a fairly wide region, 
the shut-off noise level is proportional to the 7th power 
of speed; for the lower speed range, the value of the ex- 
ponent is in accordance with the S5th-power law deter- 
mined by Zeller and Stange® for axial fans. The appre- 
ciable difference between the b-values of loudness mea- 
surements (based on a reference level of 10-!® W/cm?) 
and sound-level measurements indicates a considerable 
proportion of low-frequency noise in the spectrum. 

The increase in value of the exponent 4 at high speeds 
‘not restricted only to radial fans, and has also been 
observed in the case of a rotor, 3:2 m in diameter, of a 
arge electrical machine, externally driven, without its 
stator. A general increase in the value of 6 at very high 
speeds has also been reported by Ernsthausen* for pro- 
pellers, with b-values between 14 and 15 for tip speeds 
f 270 to 350 m/sec. 

DEGREE OF 


DEPENDENCE OF LEVEL ON THE 


THROTTLING 


SOUND 


It was found that variations in air delivery, produced 
by adjustment of the orifice O in Fig. 3, had no effect on 
the value of the exponent b. Taking a mean value of 6°5 
for b, loudness level S plotted against peripheral speed u 
produced parallel straight lines for different values of & 
corresponding to various throttling positions of the ori- 
fice, ranging from & tending towards zero for the orifice 
fully open to & tending towards infinity for the orifice 
fully closed, shown in Fig. 4, from which it will be seen 
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investigated. This is in contrast with the re- 
sults reported by Allen® for small centrifugal 
fans, in which a loudness minimum was noted for a deter- 
mined value of delivery coinciding with the operating 
point for maximum aerodynamic efficiency. 

With a constant peripheral speed u, doubling the air 
delivery by means of the orifice corresponds in the 
medium operating range to an increase in loudness of 
about 2 dB. Consequently, for the range considered in 
this investigation, it is possible to rewrite eq. (1) in the 
form 


S = 10 logio (CBu’) ee ei ve (2) 


where C is a factor taking account of the fan geometry 
G, and B is a factor taking account of the flow-resistance 











parameter €. For the fan tested, B = 6:5 dB withE = 0, 
1-5 dB with € = 500, and 0 dB with E = oo. 
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Fig. 4. Loudness level S as a function of peripheral speed u for different 
values of the resistance parameter ¢. 


The factor C can be made non-dimensional by relat- 
ing the peripheral speed u to a reference speed, e.g., the 
speed of sound a. Then, with Mach number M = u/a, 
eq. (2) becomes 

S = 10 logio (CBM?) iis is (3) 

In eq. (3), 10 logioC and 10 logioM® respectively 
denote the contribution made to the noise level as a 
result of air movement, while 10 logioB represents the 
effect of air delivery. 
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Fig. 5. Octave-filter analyses of radial-fan noise in 
the fully throttled position. 

In this relationship, M® and B are known quantities. 
For values of u between 15 und 50 m/sec, C = 3 x 10! 
for measurements based on sound pressure and 2 x 1013 
for loudness measurements [W/cm?]. At higher speeds, 
i.e., between 50 and 100 m/sec, the value of C for both 
sound-pressure and loudness measurements is the same, 
Le, C = 2 x 1". 


Noise SPECTRA 


Analyses of the free-delivery noise show in all cases 
a pronounced energy maximum, which is displaced to- 
wards higher frequencies at increased speeds. At a con- 
stant running speed and for a given fan, the position of 
this energy maximum is independent of the throttling 
condition. Fig. 5 shows curves for the fully-throttled 
condition, with € tending towards infinity, measured 
with an octave filter, while Fig. 6 shows the correspond- 
ing curves for the fan in an unthrottled condition, with 
€ = 3-5, the latter measurements being made with a 
heterodyne spectrum analyser; in this case, the maxi- 
mum, with a band-width of about 50 cps, is, of course, 
more clearly defined than in the octave-band analyses. 
For the frequencies above the maximum, the curves of 
the noise-distribution spectra fall off with a slope of 
about 9 dB per octave. The rising portions up to the 
maximum are less steep (4-5 to 6 dB per octave). 

The frequency shift of the energy maximum is pro- 
portional to the peripheral speed u [m/sec] and hence to 
the rotational speed N [rps]. The proportionality factors 
for this particular fan with free delivery are 9-2 for peri- 
pheral speed u and 13-1 fer rotational speed N, but these 
factors do not correspond with the number of fan blades, 
i.e., 19, nor are they related to it in a simple manner. 
This finding is in contradiction with the results obtained 
for axial fans, in which the maximum-energy frequency 
is, in fact, the product of the rotational speed and the 
number of blades. 
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In further tests, the 
intake passages of the fan 
were closed off by means 
of a plate, and the fan 
was operated without ay 
intake duct, the onh 
difference between this 
arrangement and ap 
equivalent solid dig 
therefore being in the 
blade edges and th 
spaces between the 
blades. Using the hetero. 
dyne spectrum analyser, 
it was found, as in the 
previous tests, that the 
frequency of the energy 
maximum was _propor- 
tional to rotational speed: 
there was also a second 
maximum at 1000 cps, 
independent of running 
speed, this latter maxi- 
mum coinciding with the 
natural frequency of a 
pipe, open at one end, 
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Fig. 6. Analyses of radial-fan noise with a heterodyne 
spectrum analyser, with the fan unthrottled. 


formed by the space 
between two adjacent 
blades and the side walls 
of the impeller. The 
main maximum, _hov- 
ever, was proportional to rotational speed. 

The proportionality between noise generated at the 
edges or due to flutter and the relative air-flow velocity 
has previously been observed by Holle in studies of 
simple profiles. It thus seems that the energy maxi- 
mum in the free-delivery spectrum of a radial fan, and 
therefore its sound intensity, is determined by the effect 
of the blade edges. Quantitatively, there is also a satis- 
factory agreement between the proportionality factor of 
9-2 already mentioned and the factor determined by 
Holle for profiles of similar shape. The influence of the 
number of blades is certainly of a very minor order. 
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Fig. 7. Octave-filter analyses of radial fan, operating at 3000 rpm in 
an unthrottled condition, (a) with free delivery, and (b) enclosed in an 
open-ended housing. 

For additional evidence on this subject, a solid disc, 
with the same external dimensions and shape as the fan, 
was tested. Octave-filter analyses showed that this disc 
was about 35 dB quieter than the fully-throttled fan, and 
its noise spectra showed no pronounced maximum. 
The values of sound pressure in a given band were 
also determined from the octave-band filter analyses 
curves shown in Fig. 5. The five octave bands gave 
“octave exponents ” 6, with values of 3:8 and 5°8 for 
the lower octaves (140- and 450-cps bands), and 7-0, 7:2, 
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and 73 for the higher octaves (1200, 4800, and 9600 cps). 
These results explain the variation of the exponent 5 in 
various speed ranges. At low speeds, the sound-pressure 
components of the lower octaves predominate, whereas 
the higher octaves are excited at the higher speeds. Simi- 
results were found by Holle® for rotating discs. 

Finally, Fig. 7 shows the changes in the noise spec- 
trum and in overall loudness obtained with the radial 
fan, when, instead of discharging directly into the open 
as previously, it was surrounded by a smooth open drum 
ata distance of half the blade width. From this test, it 
is apparent that the quantitative reiationships given 
above for the freely-discharging fan are not immediately 
applicable to the fan enclosed in a housing. Moreover, 
it can also be expected that, even under free-delivery 


lar 


WueN preparing for an automatic production operation, 
the degree of planning going into the various work areas 
involved plays a vital part in determining the final 
efficiency of the production facility. This pre-production 
planning can be a source of added profit or a source of 
dissipated profit, depending on the amount of planning, 
analysis, and forethought used. 

In selecting machine tools there are a number of 
considerations, too frequently treated superficially or 
overlooked, which contribute to the ultimate efficiency, 
economy, and trouble-free operation of such production 
machine tools. Some of the more frequently overlooked 
considerations include such factors as flexibility, accessi- 
bility, tool changing, electrical arrangement, work height 
and rigidity, and identification. 


FLEXIBILITY 


Flexibi ity is a term that has been used very generally 
as a feature of special machine tools. Actually, some 
degree of flexibility is provided in almost any machine 
design. However, to ensure optimum flexibility and its 
benefits, specific designs should be examined very care- 
fully. 

Flexibility, in its simplest terms, is provided by 
maximum interchangeability of major and minor machine- 
tool parts and components, and this interchangeability is 
facilitated by maximum standardization of design, dimen- 
sions, and tolerances. There are three areas of standard- 
ization which lead to flexibility in machine tools, i.e., (1) 
industry standardization, (2) builders’ standardization, 
and (3) fixture standardization, and it is important that 
each be utilized fully to obtain maximum flexibility. 
Industry standardization takes in all those standards 
which have been developed by the machine-tool and 
allied industries over a period of years. Screws, electric 
Motors, tool holders, machine tapers, and chucks— 
typical of many of the items which have been standard- 
ized—have been providing flexibility to industry for a 
number of years. 

Not as well known, but of great importance in achiev- 
ing flexibility in production machine tools, are machine- 
tool builders’ standards, which have been developed by 
individual machine-tool constructors for the purpose of 
providing greater interchangeability between compon- 
ents of machines. Components which have been stand- 
ardized in this way include way-type feed units, quill-type 
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conditions, other fans differing in construction from the 
fan investigated will have different values for the air- 
delivery component B, and somewhat different values 
for the geometry parameter C. Nevertheless, the con- 
clusions made regarding the basic qualitative behaviour 
of such fans, as regards noise generation, should be 
generally valid. 
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Design Factors in Automatic Production Operations 


By Kurt O. TECH* 





Fig. 1. Partially assembled ‘‘ Transfer-matic ’’ line, illustrating the 
use of standard components in machine construction. 


feed units, wing bases, columns, centre base sections, and 
transfer mechanisms. Fig. 1 shows two partially com- 
pleted transfer machines with a high degree of standard- 
ization of these elements, all components on these two 
machines being identical, with the exception of the 
columns and heads. 





* Vice President, Engineering, The Cross Company, Detroit, Michigan. 
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Development of these standards by progressive 
machine-tool builders has resulted in a new concept of 
machine construction which may be called the ** building- 
block ’’ concept. Properly developed, these standards 
should provide the following features :— 

(1) Identical hole patterns for mounting all units to 

the machine base, including wing bases, brackets, 
columns, or any special units which may be 
required. 
Keyed location of units to the machine, permitting 
shifting of units from station to station in a 
minimum amount of time and with complete 
accuracy. 

(3) Provision for complete utilization of all idle 
stations on the machine at some future date, 
without any need for additional machining. 

Fig. 2 shows a portion of a transfer machine illus- 

trating all the above features. 

It is important that these standards provide true inter- 
changeability. Actually, these building blocks are often 
constructed to tolerances which do not permit their 
interchangeability; in fact, it is quite a common practice 
to manufacture building blocks to a standard and then 
to re-machine them on assembly, in order to make them 
fit the machine, thus destroying much of their value as 
flexible components. When flexibility is the goal in 
machine-tool planning, this interchangeability should be 
examined very carefully. 


(2 


~~ 





Fig. 2. An idle station on a Cross ** fransfer-matic ’’, illustrating 
standard hole and key patterns available for future additions of 
equipment. 


Standardization of fixture components within a 
specific machine is usually even less well known and 
considered, and generally revolves around fixturing and 
other components which are directly related to the part 
being machined. Standardization of part-locating pins in 
all fixtures throughout a transfer line would probably be 
the most commonly known standard of this type; never- 
theless, there are many lines in which this standard- 
ization has not been achieved or has been overlooked. 
Common hole patterns for mounting all fixtures on one 
or more transfer lines are another illustration of this 
type of standard, and make it possible to move fixtures 
easily from one section to another. 

Designs incorporating separate simple bushing plates 
with a standard interchangeable hole pattern mounted 
throughout the machine is another example of machine 
standards. The use of this standard bushing plate 
permits the addition of holes, the moving of holes in any 
station, or the shifting of complete stations in the 
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machine with a minimum of machine disassembly, ; typical n 

minimum of cost where parts must be scrapped, and no § ljystrate 

changes to major m»chine components. installed 

The use of these standardized bushing plates is clearly must be 

shown in Fig. 3. “A designed 

A good illustration of the benefits derived from any of t 

optimum flexibility through standardization in machine § — Thes 

design occurred on two recently installed lines developed } accessib 
for the production of four aluminium automatic-trans. 

mission cases. One line, designated the short line, was | TooL-C 

designed to produce case A, while a second line, called Inv 

the long line, was designed to process simultaneouslyall | cguse 0 

four cases (A, B, C, and D) without any changes in § made t 

machine set-up. This versatility was achieved by means plannin 

of sensing devices in the machine to direct the flow of the | wherev 

various cases through the line and, where required, to § setting 

actuate machine units and materials-handling devices. } gored | 

One of the two lines is shown in Fig. 4. machir 

Since these machines were installed, two major To 
changes in production planning have taken place, 





Because of changing sales requirements, transmissi¢ 
case B became the high-production case. The short ling 
therefore, was converted from processing case A to pm 
cessing case B at a cost of only 2:3% of the origin 
capital equipment cost. In addition, a new transmissi¢ 
case E has come into being, and the long line was alte 
to handle this case—in addition to the four original casé 
—at a cost of only 2:8 % of the original capital equipmel 
cost. All this was made possible without affecting # 
production rate of either line, because the design incor 
porated the flexibility features just described. Most 
important were the fixture standards developed for this 
particular line. 
















ACCESSIBILITY 

Accessibility and floor space are also factors requiring 
carefuly study in the selection of machine tools. Whilea 
machine must always be designed to perform the maxi) 
mum amount of work in the minimum amount of floor 
space, decisions relating to “ size ’’ are rarely clear-t 
as many factors must enter into such decisions. 

In many cases, the allotment of slight additional floor] 
space will reap great rewards in machine efficiency by” 
providing sufficient room for proper accessibility. Sine® 
maintenance factors determine machine efficiency, evefy 
consideration must be given to minimize the frequency 0 
down-time and, more important, to minimize 
amount of time it takes to put the machine back into 
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operation once it is down. _ Accessibility is one of the 
most important provisions in machine design to effect 
the shortest possible down-time. 
Machine layout must incorporate sufficient space 
between machine units for access to the centre position 
of the machine for tool change and fixture maintenance. 
if station-to-station dimensions do not permit this type 
of accessibility, then idle stations should be provided 
between work stations. ; 
Itis not in all cases that more floor space is needed to 
attain the best accessibility. Thus, careful design and 
planning of the location and arrangement of many semi- 
durable machine components will do much to provide 
proper accessibility and to remove them from areas in 
which they might well be damaged. 
Hydraulic control valves can be mounted away from 
the machine on hydraulic tanks, so that they are out of 
danger and easily accessible. Similarly, limit switches can 
be mounted so that they are kept away fron contamin- : ame a “ ‘ geste er ope 
ation and are easily accessible, an air or mechanical inane 
linkage usually being necessary to operate the switch. A 
typical mounting of this type is shown in Fig. 5, which 
illustrates how cylinders and limit switches can be 
installed in clean and accessible locations. Where cylinders 
must be contained in the bed of a unit, they can be so 
designed as to be removed without having to take off 
any of the heavy components they are actuating. 
These are typical of the features which provide true 
accessibility in a production machine tool. 
TooL-CHANGING 
In view of the fact that tool-changing is the greatest 
cause of machine down-time, every provision should be 
made to expedite changing. This can be achieved in the 
planning stages by adopting quick-change, preset tooling, 
wherever possible, and, by providing inspection and tool- 
setting off the machine. ‘* Ready ”’ tooling should be 
stored close to the machine on which it is employed, with 
machine control units similar to that shown in Fig. 6. ; em a3 
Tool-change systems in transfer machines are not Fig. 6. Machine control unit with tool-setting gauges. 


inherited with transfer-machine in- 
stallations, but must be planned. 
Where tool changes are programmed 
with the type of machine control unit 
shown in Fig. 6, all maintenance 
functions can be integrated effec- 
tively. The machine control units 
used in this “integrated’’ system 
incorporate a series of signal lights 
which inform all maintenance per- 
sonnel, such as tool setters, operators, 
and machine repairmen, of tool- 
change periods. When the machine 
is not operating, all maintenance 
possible is performed simultaneously. 
To facilitate teamwork, long transfer 
machines should incorporate a‘* com- 
munications network ”’, i.e., a tele- 
phone system with telephone jacks 
strategically located throughout the 
line. 


Fig. 4. ' Complete ‘jTransfer-matic ’’ line for 
machining automatic-transmission cases. 
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ELECTRICAL ARRANGEMENT 


The planning and design of the electrical control 
system, together with the control console, is another key 
factor to be considered. The basic design of most control 
systems for operating machines automatically is quite 
similar, but the system must satisfy certain ‘* mainten- 
ance’ requirements. In a machine as complex as a 
modern transfer installation, failures will sometimes 
occur, and it is essential that such failures be located 
quickly and corrected. 


Fig. 7. Push-button console arranged for easy maintenance. 


A well-planned and designed push-button console, 
similar to that shown in Fig. 7, is of great importance in 
spotting troubles in a transfer-type machine. In fact, the 
design of the control console and the control-equipment 
arrangement plays a large part in determining how much 
down-time will be required in locating electrical faults. 
The console provides the first clue to the cause of machine 
breakdown and should pinpoint the location of trouble. 


a eg 


Fig. 8. Section of control panel for a “* Transfer-matic ”’, illustrating 
its “* building-block ” construction. 


416 














The simplest console design simulates a plan view of the 
machine, with the signal lamps required arranged on th 
outline in the same relative positions as the devices the 
represent. 

Proper control-panel arrangement is also Necessan 
to reduce the time required in locating faults, The 
building-block arrangement in control panels pays great 
dividends. Thus, it provides the same flexibility for p. 
arrangement of machines as in the case of mechanic 
components, and results in a control cabinet COnsisting of 
multiples of one or more simple circuits, rather than ; 
cabinet containing one large complex circuit, 

It has been found that breaking down circuits jnio 
their simplest elements and arranging these elemen 
identically in panels makes it considerably easier to train 
electrical maintenance personnel on new and unfamilig; 
machines. Fig. 8 shows a typical cabinet arrangement of 
circuit elements as used in the control panel for a Cros 
** Transfer-matic ” line, and illustrates its building-block 
construction. Similar arrangements are made with relay. 
operated control panels. ‘ 

The lines for the automatic-transmission cases already 
referred to utilize 203 building blocks. The ease of main. 
tenance created by providing this standard element in 
each of the eight control cabinets for these two lines can 
well be appreciated. 


Work HEIGHT AND RIGIDITY 


Work height and structural rigidity are also important 
factors to be considered in machine planning and design, 
and must not be compromised for such considerations as 
operator loading heights or existing conveyor heights, On 
many occasions, such restrictions seriously affect machine 
rigidity and proper machine proportions within the base 
elements. 

Space must be provided through the machine for chip 
conveyors, automatic lubrication systems,  coolani 
systems, hydraulic systems, and air lines without sacrific- 
ing the needed rigidity. 


IDENTIFICATION 


A very important factor which should be considered 
in all machine tools which are as complex as those used 
in modern production equipment is proper identification 
of components. Almost any type of maintenance requires 
that maintenance personnel identify either the component 
on which they are working or the proper function of 
the component in the machine tool. This information is 
useless if it is confined to drawings in the files of the manv- 
facturing department or the plant engineering department, 
but must be available on the machine at the component 
on which the trouble occurs. This can be achieved onl 
by properly tagging the machine, not the component. 

Valves, limit switches, and cylinders must be tagged 
for function, for identification in the hydraulic or elec- 
trical circuit, and for purchase specification, while relays, 
timers, starters, wires, and hydraulic lines must be identi- 
fied so that they can be used to trace circuits. The location 
of unit circuits must be tagged outside control cabinets, 
so that it is not necessary to open the door to find where 
the specific equipment to be checked is located. Sim 
larly, lubrication instructions must be clearly specified 
directly on the machine and, where possible, such inforn- 
ation should co-ordinate the eventual users’ requirement, 
as well as the machine-tool builder’s specifications. — 

These are specific examples of the types of tagging 
which provide the right information at the right time. 
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6th EUROPEAN MACHINE TOOL 
EXHIBITION 


In our September issue, a preview was included of a number of exhibits at the 6th European Machine 
Tool Exhibition, which was held this year at the Centre National des Industries et des Techniques in 
Paris between September 12 and 21. For reasons of space limitations, details in the following pages 
have of necessity been confined to only a small number of other exhibits out of the total of more than 

3500 machine tools presented at the Exhibition. ; 


Gesellschaft der Ludw. von Roll’schen 
Eisenwerke AG. 

Among other exhibits from this 
well-known Swiss company, special 
interest attaches to the De Roll pre- 
cision forging machine, type SFR 
362, which has been basically deve- 
loped for use with round workpieces, 
though, with special attachments, 
workpieces of polygonal shape, 
splined shafts, etc. can also be pro- 
duced. ‘ ‘ 

In this machine (Fig. 1), the billet 
is gripped by a pedal-controlled air- 
operated chuck, which rotates and 
feeds the billet to the forging tools 
arranged inside the machine body. 
The construction of the chuck is such 
that any forces exerted through 
acceleration are taken up by spring 
cushions, thus avoiding vibration. 
The desired total reduction of the 
workpiece is effected in such a way 
that the forging force required is dis- 
tributed into a multiplicity of small 
blows. This is effected in a special 
forging box, in which three fast- 
running eccentric shafts transfer 
their motion over three guided con- 
necting-rods on the tools. The three 
eccentric shafts are arranged at 120- 
deg. intervals on a circle, and their 
movement is synchronized, so that 
the forging action takes place at 
three points on the same axis and in 
the same plane, so that all forging 
blows are in equilibrium. 





Fig. 1. 


_ The finished shape of the work- 
piece is governed by means of stops 
and templates, making it possible to 
produce a range of different forgings 


OCTOBER, 1959 





with the same set of tools. Control 
is automatic and effected hydraulic- 
ally. The various diameters and 
lengths of the workpiece can be set 
by means of the stops on control 
drums. Thus, on the standard 
machine for round workpieces, seven 
different lengths and diameters can 
be preset, and the hydraulic control 
is so arranged that these can subse- 
quently be forged automatically in 
one operating cycle. Forging speed 
and deceleration can be controlled by 
special valves, making it possible to 
achieve the clean forging of steps. 
In addition, the template control can 
be used, and this, combined with the 
stop control, can be employed for 
manufacturing tapers or other non- 
cylindrical shapes. The dimensional 
accuracy of the finished forging is an 
outstanding feature of the process. 
Thus, a tolerance of +0:2 mm is 
guaranteed for hot-forged steel of 
from 40 to 60 mm in diameter, i.e., 
approximately the same accuracy as 
can be expected from rough-turning 
or rough-milling operations. 


** Logos” s.a.s. 

The new automatic turret lathes 
exhibited by ‘“‘ Logos” s.a.s., of 
Pavia, Italy, have been designed to 
offer great flexibility for application 
to an extremely wide range of 
machining operations. In fact, they 
can produce even complex work- 
pieces completely automatically, per- 
forming work which previously 
could only be effected semi-auto- 
matically. 

In these lathes, a six-position 
turret is standard equipment, the 
turret being positioned by a sliding 
check-pin in a special no-play bush, 
making a perfect fit in the seat of the 
ring situated on the inside face of the 
turret. The angle of rotation can 
easily be changed from 60 to 120 deg. 
per trip, without changing the time 
required for rotation. The cross- 
carriages are driven through disc- 
type cams, acting independently of 
each other. The cams are provided 
with a hole for keying and are at- 
tached to the camshaft by means of a 
100-tooth spline, thus providing 
exact synchronization of carriage 
travel. The carriages are adjusted by 
means of micrometer screws and are 
equipped with lock-screws for en- 
suring the exact diameter of the 
pieces being machined. The various 
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carriages can operate simultaneously, 
and all carriages use standard cutting 
tools, though constant-profile circu- 
lar cutting tools can be mounted on 
the front and rear carriages. 





Fig. 2. 


These automatic lathes are avail- 
able in six models, i.e., L 18, L 24, 
L 30, L 42, L 52, and L 64. In the 
first three of these models, the gear- 
box comprises a group of gears 
having two interchangeable sets, 
providing two automatic speeds for 
each cycle of operations and giving 
a total of 33 different speeds. Models 
L 42, L 52, and L 64 (model L 42 is 
illustrated in Fig. 2) have a gearbox 
composed of a single group of gears 
with two electromagnetic clutches, 
automatically providing four different 
spindle speeds for each cycle of 
operations and offering a choice of 
54 different speeds. 


Heyligenstaedt & Comp. G.m.b.H. 

Exhibits from Heyligenstaedt & 
Comp. Werkzeugmaschinenfabrik 
G.m.b.H., of Giessen, Germany, in- 
cluded their new model DPK 750 
special double-copying lathe for the 
simultaneous copying of both sides 
of thin-walled workpieces, e.g., tur- 
bine vanes. As such, its use is 
particularly advantageous in the 
construction of jet engines and tur- 
bines, or in any application where 
it is required to process face con- 
tours on both sides of workpieces 
having a maximum diameter of 
750 mm. 


The raachine (Fig. 3) has a 
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“SEEGER CIRCLIPS* ... easy to fit and 360° safe!” 


*Seeger Circlips are on the Rolls-Royce approved list. 


One of the Sheepbridge Engineering Group. 
Automotive Engineering Limited The Green, Twickenham Middlesex. 


Telephone: Popesgrove 2206/9. Telegrams: Motif, Twickenham. 
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Fig.3. 


special chucking device, driven by a 
rack and pinion, workpieces being 
chucked on the circumference. The 
beds, arranged on both sides of the 
chucking device, each carry a copy- 
ing-tool rest, with a preset control 
for feed, quick-return traverse, and 
irregular feed, so that pieces which 
are to be faced with unsymmetrical 
face contours and very thin wall 
thicknesses, e.g., 1-5 mm, which are 
difficult to work from one side, are 
simultaneously copied on both sides 
and finished in one operation. 


MAAG Gear-Wheel Company Ltd. 
Exhibits from the MAAG Gear- 
Wheel Company Ltd., of Zurich, 
included their type PHU-60 gear- 
testing machine for checking the 
tooth profile and alignment of spur 
and helical gears up to 23-5 in. in 
diameter, and their type TML pitch- 
measuring instrument for checking 
tooth pitches of from 50:8 to 3-2 
DP. In addition, they exhibited 
their type HSP-80 fully automatic 
gear-grinding machine, which is a 
new pinion grinder with a double 
column, designed for high produc- 
tion and accuracy, and suitable for 
spur and helical gears up to 31-4 in. 
in diameter. 
_ In this machine (Fig. 4), grinding 
is performed by two saucer-shaped 
grinding wheels in parallel, touching 
the tooth flanks with their inner 
edges. A hydraulic infinitely variable 
speed motor drives the generating 
slide, and the hydraulically powered 
feed can be preselected in three 
different infinitely variable speed 
ranges, in addition to rapid traverse. 
Another hydraulic unit in the gener- 
ating head actuates the indexing 
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motion, this motion being controlled 
by index-plates and _ index-pawls. 
Adjustable disc-type cams control 
the depth of cut, both depth of cut 
and stock removal for the complete 
cycle being automatically controlled. 
Wear of the grinding wheels, even as 
little as 0-00004 to 0:00008 in., is taken 
care of by quick-acting compensa- 
tion devices, thus ensuring the very 
high gear-grinding accuracy associa- 
ted with the point-contact grinding 
method used. 


The machine is equipped for 


grinding tooth flanks with tip and 
root relief, as well as longitudinal 
barrelling of any desired shape. The 
shape and amount of correction are 
set on separate cams for left- and 
right-hand tooth flanks. Generally, 
fully automatic control is used, no 
attention being required during the 
entire grinding process; as a result, 
it is stated that there is an appreciable 
saving in time, even when grinding 
only two or three gears. 


W. E. Sykes Ltd. 

Exhibits by W. E. Sykes Ltd. in- 
cluded five new models, which were 
being shown for the first time. These 
new models comprise the VS4A fine- 
pitch gear-shaving machine with 
hopper feed and automatic cycle, the 
‘** Sykomatic’’ gear generator with 
hopper feed, the ‘* Sykomatic”’ 
turret-loading internal-gear genera- 
tor, the VI0.S-A semi-automatic 
vertical gear generator, and the 
1A automatic-loading horizontal 
gear generator. 

Ofthese new models, the VS4A fine- 
pitch gear-shaving machine (Fig. 5) 
has been developed to include auto- 
matic loading and hopper feed, and 
operates on a principle similar to 
that used for transverse shaving, the 
tool being rotated in mesh with the 
gear to be shaved and the required 
crossed-axis angle set on the tool- 
slide. The work is traversed across 
the shaving tool, and the centre- 
distance between work and tool is 
progressively reduced in each of four 
longitudinal strokes until the finished 
size is obtained. Rapid infeed brings 
the work and tool into position for 
shaving, and the entire cycle is auto- 
matically carried out by preset con- 
trols. A range of four tool speeds 





Fig. 4. 


Volume 20, No. 10 


418 





Electrical Aids in Industry 


Lighting -2 





The general principles of factory lighting 
have been dealt with in the previous data 
sheet (No. 6). This one considers briefly 
certain factors—not always fully appre- 
ciated—that influence the lighting for some 
particular factory applications. The next 
data sheet will carry the subject further. 


Work benches 


The most universal application of lighting is 
to bench work, for there is no branch of 
manufacturing that does not have its work 
benches which, of necessity, are used for a 
great variety of occupations. No single light- 
ing method is suitable for all cases. 

The introduction of fluorescent lighting 
has gone a long way to solving one of the 
main problems here; for while the high 
degree of brightness of filament lamps tends 
to preclude their use for individual lighting 
owing to the glare, the fluorescent tube with 
its greater expanse of light source has made 
localised lighting with a low mounting height 
more practicable. Moreover, the length of the 
fluorescent tube makes it possible to control 
shadows. 























With narrow individual benches (not more 
than 4 ft. wide), there are four basic methods 
of localised lighting: longitudinal, transverse, 
diagonal or a combination of longitudinal 
and transverse. With wider benches it is not 
advisable to use fittings directly over benches, 
and fittings should be behind the workers at 
each edge of the bench. Where particularly 
high illumination is required, fluorescent 
fittings may be mounted as local lights—low 
enough for the skirt of the reflector to con- 
ceal the lamps from the eye of the operator. 


High-bay shops 

Probably the most difficult of all factory 
lighting problems is that of high-bay light- 
ing. In lofty, long and sometimes necessarily 
dirty shops such as those which house really 
large machine tools and overhead cranes, it 
requires great ingenuity, coupled frequently 
with high lamp wattage, to provide adequate 
illumination. From the planer operator to 








Data Sheet No.7 


the slinger, the workman is dependent on 

good lighting if he is to avoid an over-cyt 

or a serious crane mishap. 

The major problems associated with the 
lighting of high and relatively narrow shops, 
such as heavy machine shops and foundries, 
are:— 

(a) Poor light utilisation caused by excessive 
light absorption by the large and often 
dark wall area. 

(b) Preponderance of light flux downwards 
and poor cross lighting causing poor 
illumination on vertical surfaces, and 
heavy shadows. 

(c) Possibility of heavy light absorption in 
the atmosphere. 

(d) Difficulty of access to high fittings for 
maintenance. 

In high-bay workshops there is a tendency 
to use concentrating fittings so that the 
maximum proportion of the light output 
reaches the working area without spread to 
the walls, but the saving in wall absorption 
is obtained only by 
accepting a depress- ] 








ing environment, roor 
cross lighting 
heavy shadows. 

In many cases it is 
good practice to ac- 
cept the inevitable 
reduction in light 
utilisation by wall 
absorption and to re- 
duce this by applying light colours to interior 
surfaces where possible throughout. This 
approach results in more cheerful conditions 
and provides equally good illumination 
values and better cross lighting. Even better 
is to add angled lighting from the sides below 
crane level. 

In this type of shop, rapid deterioration in 
light source intensity due to dust must be 
expected. Facilities should always be pro- 
vided for easy access to fittings for cleaning 
and maintenance. 


and 























| For further information, get in touch ite | 
| your Electricity Board or write direct to | 
| the Electrical Development Association, | 
| 2 Savoy Hill, London, W.C.2. Telephone: | 
l TEMple Bar 9434. | 
Excellent reference books on electricity | 

| and productivity (8/6 each, or 9/- post 
| free) are available—‘‘ Lighting in Indus- | 
| try” is an example. | 
| | 
| | 
| | 
| | 
31-2) 


E.D.A. also have available on free loan 
in the United Kirgdom a series of films 
on the indus‘rial uses of electricity, in- 
cluding one on industrial lighting. Ask for 
a catalogue. 
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can be selected, and stroke adjust- 
ment is variable in steps of y in. up 
io the maximum of | in. Cycle times 
range from 13 to 45 sec, depending 
on the component being processed. 

The actual machine on show was 
set up for the automatic loading of 
s|-tooth I-module helical gears of 
+32’ helix angle and 0-275 in. face 
width, shaving these components at 
the rate of 120 per hour. The entire 
cycle is automatic and continues to 
repeat as long as correctly formed 
blanks are available from the hopper. 
From the vibratory hopper, the pre- 
cut blanks are delivered to a slide 
above the work-head and tailstock, 
the blanks being held in this slide bya 
sate which delivers them singly into 
position for shaving. ; 

The second of the new machines, 
the “Sykomatic”’ gear generator, 
has, in its original form, already 
proved its value in producing large 
quantities of similar gears. It has 
now been further developed by the 
introduction of a hopper feed which 
permits continuous automatic opera- 
tion, provided that the supply of 
blanks is maintained. 

In the “‘Sykomatic’’  turret- 
loading internal-gear generator, the 
basic “ Sykomatic ’’ turret arrange- 
ment has been retained for indexing 
and loading the components, except 
that it is not necessary in the case of 
internal gears to provide a tailstock 
and associated mechanism. The 
turret does not, however, rise and 
fall to load the blank, as is the case 
with the external ** Sykomatic ’’, the 
hydraulic work chuck being arranged 
to lift and hence surround the blank 
to be gripped. Straight or helical 
internal gears of either hand up to 
45-deg. helix angle can be accom- 
modated with this new model. 

The V10.S-A semi-automatic ver- 
lical gear generator incorporates a 
hydraulically operated work-chuck 
and tailstock unit, together with a 
rapid infeed-approach mechanism. 
The machine has been developed for 
maximum efficiency on both small 





Fig. 5. 
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and large batches of gears, and either 
a semi-automatic cycle or a manual 
cycle can be selected, as required. 
On the semi-automatic cycle, the 
only manual attention required is 
loading and unloading, the entire 
cycle being automatically controlled. 
Not only can external gears and heli- 
cal gears be accommodated, but 
similar features can be applied to the 
cutting of internal gears, in which 
case automatic “lift ’’ of the cutter 
spindle is fitted, so as to obviate un- 
loading problems. Furthermore, the 
design of the machine permits ample 
room for fast loading, and the built- 
in hydraulic system of operation 
gives vibration-free clamping at high 
production rates. 

The fifth of the new models is the 
1A automatic-loading horizontal 
gear generator (Fig. 6), which com- 
bines the well-known capabilities of 
the standard model with the addition 
of magazine loading and a com- 
pletely automatic cycle; in addition, 
a new feature of infinitely variable 
hydraulic infeed enables optimum 
conditions to be selected instantly 
for maximum production. 





Fig. 6. 


The component set up at the 
exhibition on this machine was a four- 
element layshaft cluster gear, from 
which two helical gears, of 21 teeth, 
25-deg. helix angle, and 27 teeth, 
30-deg. helix angle, were cut together. 
The production time is 4-5 minutes. 
The cluster-gear components are 
arranged in a magazine slide located 
over the work-spindle, and are trans- 
ferred by a cradle to locate on a 
hydraulic expanding chuck, a hy- 
draulic tailstock moving up to locate 
the blank with a stub centre. With 
the blank in position, the automatic 
cycle commences with a rapid ap- 
proach to the first cutting position; 
at a preset point, the first infeed cut 
commences, a second or third cut 
following, as necessary. At the end 
of the cycle, the saddle retracts, and 
the blank is unloaded and discharged 
via a delivery chute at the front of 
the machine. The facility of being 
able to cut two different gears 
simultaneously is achieved by a 
special “‘ cluster’ attachment to the 
machine, this equipment consisting 
of a gear-train which permits a 
different cutter-to-work ratio to each 
of the two cutter heads. 
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Boldrini S.p.A. 

Among other exhibits from 
Boldrini S.p.A., of Milan, a par- 
ticularly interesting machine is their 
new “ Ribo 18 ”’ pneumatically con- 
trolled cold-flanging machine, which 
features an increased knuckle;radius, 
i.e., between 23 and 10 in. 


_ 





Fig. 7. 

Capable of handling plates of 
from 2 to about 14 ft in diameter and 
of from ; to ? in. in thickness, the 
new machine (Fig. 7), which is of 
inherently simple design and easy to 
operate, is eminently suitable for 
cold-flanging operations on such 
components as the domed ends of 
boilers and pressure vessels. 


Swiss Industrial Company 

Among a wide range of exhibits, 
including their type-KD 35 copying 
turret lathe, their type-RA 15-1-5 
hydraulic horizontal broaching 
machine, their type-U 24 universal 
toothed-wheel milling machine, their 
type-B 16/0°8 deep-hole drilling 
machine, and a range of screw pumps 
and hydraulic control elements, the 
Swiss Industrial Company, of 
Neuhausen Rhine Falls, exhibited 
their type-HRF 500 and HRF 500 H 
cam-milling machines, which have 
been developed to enable cams and 
irregularly shaped components to be 
machined accurately and economi- 
cally. In addition, they exhibited for 
the first time their new type-HRF 
250, which is intended to supplement 
the other two types and which re- 
tains their principal elements, though 
it is a somewhat smaller machine. 

An outstanding feature of the 
HRF 250 machine (Fig. 8) is a work 
headstock that can be _ swivelled 
through 90 deg. and enables disc and 
cylindrical cams to be machined 
without the need for additional 
equipment. As in the HRF 500 and 
HRF 500 H machines, flat templates 





Fig. 8. 
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BELTING THAT TAKES 
A LOT OF BEATING 


Whatever material you want to move, what- 
ever the conditions, you'll find the conveyor 
belt for the job in the Goodyear family tree! 
For abrasive coke or hot sinter . . . oily 
materials or sharp stone .. . food and coal 
...a‘ job-designed ' Goodyear belt is your 
best choice for longest, low-cost per- 
formance. Special features include: good 
troughing, high impact resistance and flex 
life, and resistance to mildew. Get in touch 
with Goodyear now for Britain's most com- 
prehensive conveyor belt service. 


From the 
Goodyear family tree 


Tough cover compounded to 
suit job 


Breaker fabric between cover 
and carcass—where required 


Plies of close-woven cotton 
duck, or synthetic fibres, 
mildew inhibited 


Skim coat between plies to 


increase flexibility, prevent 
separation 
Substantial edge cover to 


resist wear 








oD, 


THE GREATEST NAME IN RUBBER 


EAR 





The Goodyear Tyre & Rubber Company (G.B.) Ltd., Industrial Rubber Products Dept., Wolverhampton 
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ardened sheet-steel are re- 
4 ier both types of cam. Other 
special features are a PIV infinitely 
variable drive for the milling spindle 
and an infinitely variable face-plate 
drive by means of a SIG hydraulic 
motor, the latter providing a wide 
speed range for the face-plate. 
Special equipment available includes 
an electro-hydraulic device for con- 
gant feed control, an attachment for 
milling and grinding cams with off- 
gt, a grinding attachment. for pro- 
viding maximum grinding-wheel 
speeds of 15,000 and 24,000 rpm, 
and attachments for semi-automatic 
and fully automatic operation. 


Birfield Tools Ltd. 

The latest addition to their range 
of automatic magazines was ex- 
hibited by Birfield Tools Ltd., of 
Coventry (French representatives, 
R. S. Stokvis & Fils), this being the 
Mark II C ‘ Birfeed’’, shown 
attached to a Saviem automatic 
exhibited by Saviem and to a Traub 
single-spindle automatic exhibited 
by Herman Traub. 

Specially developed to meet the 
requirement for a magazine capable 
of meeting the exacting conditions 
imposed by modern high-speed 
automatics, the unit consists of a 
feed tube located in line and behind 
the spindle of the automatic. The 
stock bars are placed on a rack adja- 
cent to this feed tube, and selector 
fingers pick up the bars one at a time 
and feed them into the tube. The 
unit is attached to the automatic 
quite simply by means of a tie-bar. 
Acam on the camshaft of the auto- 
matic starts and stops the magazine 
motor via a micro-switch. Round, 
square, or hexagonal bars of random 
length up to 12 ft can be fed, ranging 
indiameter from } to 1} in. The bars 
can be rotated at up to 8000 rpm. 


Cincinatti Milling” Machines Ltd. 

_ Among a wide range of machines, 
including cutter and tool grinders 
and a range of automatic and dial- 
type milling machines, Cincinnati 
Milling Machines Ltd., of Birming- 
ham, exhibited two versions of their 
“HyPowermatic ’’ milling machines, 
i¢., the 525-225 plain machine and 
the 420-184 —_tracer-controlled 
machine. 

The 525-225 plain ‘* HyPower- 
matic’’ milling machine (Fig. 9) is 
representative of the complete range 
of “HyPowermatic”’ production 
milling machines of the fixed-bed 
ype, which are of unit construction 
and available with three table widths 
(18, 22, and 26 in.), eight different 
table travels (from 3 to 14 ft), and 
three different sizes of spindle carrier. 
A special ‘** Hydromech ” drive unit 
's incorporated, giving a smooth and 
Powerful cutting action with maxi- 
mum drive force at the cutter, irres- 
Pective of table length, and providing 
infinitely variable table-feed rates 
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(; to 150 or } to 100 ipm) and high 
rapid-traverse rates (300 or 200 ipm) 
through dual worm-wheels and 
pinions to a rack bolted onto the 
machine table. An automatic back- 
lash eliminator is also incorporated, 
thus permitting the use of conven- 
tional and climb-milling techniques. 
Another feature is the ‘‘ Dynapoise ”’ 
vibration-damping overarm, which 
together with hardened and ground 
table-ways and automatic lubrication, 
ensures smooth cutting action and 
consistent accuracy. 

Operation of the machine is 
extremely simple, table motions being 
controlled through trip-dogs and 
hydraulic plungers and initiated by 
movement of a single lever. Continu- 
ous running or automatic stopping of 
the spindle can be selected, as 
required. Chip-wipers, mounted on 
the table to carry swarf along the 
bed troughs to the chip compart- 
ments at the ends of the bed, are also 
included as standard equipment. 





Fig. 9. 


The 420-184  tracer-controlled 
** HyPowermatic”’ milling machine 
is similar to the plain machine 
described above, but incorporates 
automatic vertical displacement of 
the spindle carrier through a hydrau- 
lic tracer valve and hydraulic motor. 
Duplication is achieved by a roller 
contacting a template mounted on 
the rear of the table. During rapid- 
traverse portions of the table cycle, 
the spindle carrier rises to its upper- 
most position, with the table station- 
ary and, as soon as the carrier 
reaches its top position, the table 
then continues in rapid traverse. 


Costruzioni Meccaniche Benelli 
Gavazzi 

Of the range of in-line transfer 
presses produced by Costruzioni 
Meccaniche Benelli Gavazzi, of 
Florence, Italy, their model PML 
32/6/2P, illustrated in Fig. 10, is 
representative. These presses are 
equipped to take a straight-line lay- 
out of press tools, and in many cases 
make it possible to dispense with a 
number of individual presses. As a 
result, their main advantages are a 
great reduction in the floor s»ace 
required for a given number of press- 
ing operations, a reduction in per- 
sonnel, greater simplicity of tool 
servicing, an increase in production 
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Fig. 10. 


rates, and a reduction in capital costs. 

The press is designed with an 
underslung drive, i.e., the crankshaft 
is located in the cast-iron base of the 
press, two connecting-rods attached 
to the crankshaft pulling the ram 
down to the press table. In this way, 
only compressive forces are deve- 
loped in the press frame. The ram 
reciprocates on two hardened and 
ground guide columns and is pneu- 
matically compensated. The drive 
from the motor is effected by a pulley 
and Vee-belt to the flywheel, which 
drives the crankshaft through double 
helical reduction gearing. An electro- 
pneumatic clutch controls the drive 
to provide continuous running to 
single-stroking, or inching, during 
set-up. PIV infinitely variable drives 
can also be supplied, where required. 
If desired, the press can be equipped 
with an auxiliary shaft, located at the 
front and driven from the crank- 
shaft, to actuate rotary tooling of 
various types, i.e., for thread-rolling, 
spinning, beading, trimming, side- 
piercing, etc. 

In these presses, the workpiece 
transporter has been further im- 
proved, in that it now gives a differ- 
ential transfer rate, so that, when the 
workpiece has been transported, the 
fingers open very slowly for a small 
period of time, avoiding the possi- 
bility of displacing components. 


Schwabische Hiittenwerke G.m.b.H. 

The ‘‘Omniplex’’ type-UF 2 
toolroom milling machine, exhibited 
by Schwabische Hiittenwerke 
G.m.b.H., of Wasseralfingen, Ger- 
many, is distinguished by its great 
range of adjustments, making it 
suitable for both vertical and hori- 
zontal boring and milling opera- 
tions. Thus, the milling head, slot- 
ting head, and arbor-support form a 
complete unit attached to the head- 
stock, changes from vertical milling 
to slotting or horizontal milling being 
carried out simply and quickly by 
rotating the unit and bringing the 
heads into their operating positions. 
In this way, the machine gives ex- 
tremely short indexing times, and its 
great flexibility and versatility elimin- 
ates the need to have the workpiece 





420 





NOW AVAILABLE IN THIS COUNTRY! 


THE ADVANCED 
FORM OF 


processe 
additior 
mechan 
to an al 
to right 
and act 
mally v 
can be | 
number 
tures a\ 
adjustn 


- AF 2 spindle 
. machin 
ie | ‘ ‘ : city fo 

ogee <3 ' . ‘ a pieces ¢ 

% ; SS . y A 

e ee speeds, 


for all 


INFINITELY ee er ies ke ae ‘= 


Pe ‘ ‘ ; ; * & cally n 

Val A bbe, Speed, table f 

ally of 

versatil 

GEAR The extension of our range of variable speed = 

gears will be of particular interest, since it the sp 

will assist in the continuously growing prob- nied 

AVAILABLE AS lem of transmitting greater power in a mount 
ENCLOSED UNITS confined space, and is particularly suitable 
OR FOR BUILDING for being built into a large range of 
INTO MACHINES, AS machines. Complete units are also available 
ILLUSTRATED in totally enclosed oil tight gearboxes. 
ABOVE Further information can be obtained from: 


for sin 
for w 


STONE-WALLWORK LTD. = 


32, VICTORIA ST., LONDON, S.W.1. Phone: Abbey 7681. Grams: “‘Stonwalabb” Sowest, London 
WORKS: OLDHAM, LANCASHIRE. Also STOTFOLD, BEDFORDSHIRE 


Also manvfacturers of P.I.V. (Positive Infinitely Variable) Speed Chain Gears, Worm Reduction 
Gears, Piece Goods Stamping Machines and Light Alloy Bobbins for the Textile Trade. 


—_, 





THE ENGINEERS’ DIGEST 





Fig. 11. 


d on other machines. In 
addition, the table can be swivelled 
mechanically in all three planes up 
(oan angle of 30 deg., i.e., from left 
to right, right to left, front to back, 
and across. As a result, time nor- 
mally wasted by re-location of work 
can be saved, and the necessity for a 
number of expensive jigs and fix- 
tures avoided, as the wide ranges of 
adjustment of both the table and the 
spindle-stock combine to give the 
machine the highest possible capa- 
city for machining difficult work- 
pieces at one setting. 

A comprehensive range of 18 
speeds, from 35 to 2240 rpm, allows 
for all diameters of cutter, so that 
steel and cast iron, as well as light 
metals and alloys, can be economi- 
cally machined. Spindle-stock and 
table feeds can be controlled manu- 
ally or automatically. Despite its 
versatility, the machine is, however, 
ahigh-precision unit, which can also 
be used for jig-boring, the travel of 
the spindle-stock being automatic. 
If desired, the machine can be sup- 
plied with a hydraulic copying unit, 
ig on the head, as shown in 

ig. 11. 


Maschinenfabrik Lorenz AG 

Representative of the range of 
gear-hobbing machines exhibited by 
Maschinenfabrik Lorenz AG, of 
Ettlingen, Germany, is their model 
F600 heavy-duty machine (Fig. 12) 
for single-piece and batch production 
for workpieces up to 600 mm dia- 
meter. Like others in the series, 
numerous attachments are available 
to enable the machine to cover all 
gear-cutting work which can _ be 
performed in the hobbing process. 

The cross-beam has two built-in 
fluorescent lamps for illuminating 
the working area and can be swivelled 
hydraulically. The workpiece saddle 
carrying the counter-bracket column 
slides on the machine bed in long 
guides, and the counter-bracket arm 
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can be raised and lowered hydraulic- 
ally or swivelled manually. The hob 
drive is infinitely variable, using a 
Ward-Leonard set, while hobbing 
feeds are controlled by an infinitely 
variable PIV drive. Rapid traverses 
and reversing gears are provided for 
quick adjustment of the hob slide 
and workpiece saddle and for re- 
versing all traverse directions. 

The normal hobbing head sup- 
plied with the standard machine 
served for cutting spur and helical 
gears, as well as worm-wheels which 
can be cut with a radial feed. A 
universal hobbing head is also avail- 
able, and this is suitable for cutting 
spur and helical gears, as well as 
worm-wheels, by the tangential cut- 
ting method, so that a_ special 
tangential hobbing head is not re- 
quired. An automatic shifting 
device permits full utilization of all 
cutting edges of the hob and is con- 
trolled automatically or by means of 
a push-button. Shifting is so ar- 
ranged as to be stepwise in both 
directions when the hob is not in 
mesh with the workpiece, so that the 
pitch error of the spindle and hob is 
kept from influencing the accuracy 
of the gear being cut. 


Normal cycle control comprises 
seven different fixed hobbing pro- 
grammes in a single-cut cycle, pre- 
selected by means of a switch. The 
cycle is laid out for the combined 
radial-hobbing and axial-hobbing of 
spurs in climb- or down-milling, and 
for the radial- or tangential-hobbing 
of worm-wheels. Universal cycle 
control comprises simple and suc- 
cessive programming with single- 
cut or double-cut cycles for hobbing 
all types of workpieces automatically. 
The automatic sequence of oper- 
ations in the universal cycle control 
is controlled by punched cards and 
can be changed to any desired hob- 
bing programme in a few seconds. 


Liechti & Co. Ltd. 

The new model DR-650 chuck 
automatic exhibited by Liechti & 
Co. Ltd., of Langnau, Switzerland, 
has been developed for the produc- 
tion of such large and complicated 
workpieces as_ flywheels, brake- 
drums, wheel-hubs, etc., an ex- 
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tremely high prceduction capacity 
being achieved by the use of high 
power (31 or 42 hp), in conjunction 
with two ccmpletely independent 
turret sl des, each with four index- 
able stations, and each with its own 
built-in copying unit. 


Fig. 13. 

With this machine (Fig. 13), 
operation is completely automatic, 
all motions being controlled simp'y 
but positively, though manual con- 
trol can be used, if desired. A pneu- 
matic system of control is used, all 
impulses being derived from two very 
simple punched-steel bands (visible 
on the machine at the left of the 
illustration), small rivets being in- 
serted in different holes to provide 
the required automatic cycle. All 
spindle speeds and feeds are changed 
automatically by these bands. 

Transverse motion of the cross- 
slide is obtained by a _ hydraulic 
copying motor, which is regulated 
by a stylus following a template, 
giving the correct relationship be- 
tween longitudinal and transverse 
displacement. As both slides have 
this built-in copying device, it is easy 
to apportion the work between the 
slides, so as to obtain the most 
favourable conditions for cutting 
speeds, feeds, and tool-angles. 


Heald Machines Limited 

In addition to their Model-S 
‘** Bore-Matic ’’ machine, and their 
model-271 ‘* Size-Matic”’ internal 
grinding machine, Heald Machines 
Limited, of Birmingham, exhibited 
their model-171 ‘* Gage-Matic” 
internal grinding machine and their 
model 422 ‘* Bore-Matic ’”’ machine. 

The model-171 internal grinding 
machine exhibited is a standard 
machine operating on a “ Gage- 
Matic” cycle, in which accurate 
sizing is maintained by feeding a 
spring-loaded carbide-tip gauge into 
the rear end of the bore being 
ground; as soon as positive size 
has been achieved, both the gauge 
and the wheel are withdrawn ard 
the cycle is finished automatically. 
This machine (Fig. 14) is extremely 
fast in operation and is ideal for 
high-volume production. In addition 
to the ** Gage-Matic”’ cycle, it can 
also be used with a “ Size-Matic ” 
cycle, in which sizing is determined 
by the position of the wheel-dressing 
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Fig. 14. 
jiamond relative to the work. The 
achine, which is hydraulically 
actuated, uses the Heald “ constant- 
, ” system to ensure 
Vonstant table and cross-slide feed 
es, irrespective of oil-temperature 
ges, thereby giving greater accur- 
and minimizing scrap losses. 
The model-422 ‘ Bore-Matic”’ 
chine is the fourth in a series of 
basic sizes, each size being con- 
structed both in single- and double- 
ended models, and is suitable for all 
boring, facing, turning, chamfering, 
mooving, and other allied or associ- 
aied operations, either singly or in 
combination. Extremely close toler- 
lances for size, roundness, and 
stmaightness are maintained, and 
finished surfaces are held in the 
required relationship with other 
important locating surfaces. The 
machine can be arranged with up to 
three or more individual boring heads 
on each bridge, or with multi- 
spindle head units for patterns of 
holes requiring exact relative spacing. 
The machine exhibited was a double- 
ended model arranged with a single 
boring head at each end, the right- 
hand head being standard, and the 
left-hand head fitted with hydraulic- 
ally operated feed mechanism for 
giving a longitudinal feed motion 
to the tool, independently of the 
machine table. 





Fig. 15. 

The double-end design of the 
model-422 machine (Fig. 15) confers 
outstanding versatility, permitting a 
variety of set-ups to suit production 


requirements, including operations 
from both ends, such as finishing 
holes in close alignment, or roughing 
and finishing i in one set-up, multiple 
operations on either similar or differ- 
ent parts, loading of work during 
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the cycle, and countless other 
arrangements for high-speed pre- 
cision finishing at low cost. It is a 
massive, powerful machine, which 
easily accommodates large cumber- 
some work or parts requiring heavy 
stock removal. 

The machine is hydraulically 
actuated and is capable of an in- 
finitely variable range of speeds and 
feeds. The standard hydraulic circuit 
is a low-pressure, locked-feed type of 
circuit and is capable of a wide 
variety of cycles, many of which may 
be entirely automatic, except for 
loading and unloading. As in the 
model-171 internal grinding machine 
described above, the Heald ‘ con- 
stant-feed throttling ’’ system is also 
employed in the model-422 “* Bore- 
Matic”’. In order to nullify the 
effects of vibration and heat gener- 
ated, the single and compact power 
unit is isolated from the base and is 
cooled by an exhaust fan which 
circulates air over the continually 
running pumps and motors. 


Coventry Gauge & Tool Company 
Limited 

Exhibits from the Coventry 
Gauge & Tool Co. Ltd. included their 
‘** Matrix’? three-dimensional meas- 
uring machine (Fig. 16), which has 
been produced to enable complete 
three-dimensional precision inspec- 
tion to be carried out with a minimum 
of operational and setting time and 
without the need for additional 
equipment. The versatility of the 
machine is based on the unique com- 
bination of measurement systems. 
Thus, the compound tables can be 
rapidly positioned to 0-0001 in. by 
power-driven hardened and ground 
leadscrews, while the sensing head, 
which is carried in a vertical quill 
embodying an optical scale reading 
to 0-000! in., is rigid in the vertical 
plane and sensitive in the horizontal. 
The meter, reading to 0-00001 in., 
can be observed on the scale or by 
means of a pen recorder. 

The quill is counterbalanced by 
adjustable weights which can be set 
to exact balance or can apply a 
measuring pressure to the probe of 
8 oz. or more, as required. In the 
nose of the quill is an extremely 
accurate spindle which has a quick- 
locking taper bore for rapidly 
mounting measuring attachments, 
should the job require them. When 
carrying out measurements in the 
horizontal plane, the probe can be 
quickly retracted from the work to 
enable movement to the next table 
position. Vertical measurements can 
be carried out by applying the 8-oz. 
measuring pressure and allowing the 
probe to contact the work. 

Each slide movement is separ- 
ately operated by its own electric 
motor, controlled by push-buttons 
on the apron. Setting is therefore a 
simple operation, as the approximate 
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position is rapidly obtained by power 
and finished by hand, the final setting 
being obtained by control knobs and 
shown on large clearly defined dials 
reading to 0-0001 in. direct by 
vernier. The measuring head is 
carried on a slide which runs the 
complete length of the rear of the 
base of the machine. This slide is 
power-operated by an independent 
electric motor and may be rapidly 
raised or lowered to any desired 
position from the control on the 
apron of the machine. 





Fig. 16. 

Cams of all types and irregular 
shapes can be measured with the use 
of a circular table or dividing head. 
Pairs of centres are available for the 
inspection of cylindrical work and 


shoulder lengths, thread pitches, 
diameters, internal and external, can 
be dealt with. The sensing head 
operates electrically, and probes of 
any length can be used. Once set, all 
subsequent measurements can be 
made without further adjustment. 


Gebr. Boehringer G.m.b.H. 

Among other exhibits from Gebr. 
Boehringer G.m.b.H., of Géppingen, 
Germany (U.K. Representatives, 
Sykes Machine Tool Co. Ltd.), 
mention must be made of a new 
automatic screwcutting attachment 
shown fitted to a VDF model V-5 
lathe. The screwcutting device can 
also be used for cutting taper threads 
running up against a shoulder or 
having a prescribed run-in and run- 
out. The function is automatic to the 
extent that the operator has merely 
to load the workpiece and press a 
starter-button. Fig. 17 is a view of 
the rear of the V-5 lathe, showing 
part of the screwcutting equipment. 

The screwcutting attachment, 
which works on a_ mechanical- 
hydraulic principle, is an accessory 
for a standard lathe and in no way 
interferes with the capacity of the 
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machine, even if fitted with a long 
seoss-slide. The screwcutting length 
mains approximately the same as 
turning length. The tool is 
mounted on a standard top-slide 
front of the spindle centre, and, at 
the rear of the long cross-slide, tools 
for other turning jobs can be fitted. 
The feed rates for screwcutting are 
selected on the feed box, feed move- 
iment being transmitted through the 
eadscrew in the usual way. For the 
meturn movement, the leadscrew is 
gutomatically reversed. This means 
that the workpiece runs in the 
same direction and at the same 
speed during the whole operation, 
thereby permitting a choice of cut- 
ting speeds suitable for carbide tools 
inmost cases. The maximum return 
traverse is 164 fpm, and the length 
of travel and, with it, the length of 
thread, is limited by means of trip 
dogs and limit switches. As soon asa 
witch is brought to the ‘“* Not 
Screweutting *’ position, all trips 
become ineffective and remain so 
until ‘* Screwcutting *’ is selected. 

The device for feeding and re- 
tracting the screwcutting tool oper- 
ates hydraulically. The maximum 
number of feed steps is 60, and the 
amount of feed at each step is deter- 
mined by cutting-depth cams which 
are not subjected to tool load or 
hydraulic pressure and which provide 
arange from 0-004 to 0-02 in. The 
total depth of cut and cutting 
sequence can be chosen as required. 
The hydraulic feeding and retracting 
device for the screwcutting tool can 
also be used for copy- turning, pro- 
vided that the angle of rising and 
falling shoulders does not exceed 
60 deg. to the turning axis. 



















Brookhirst Igranic Limited 

Exhibited by Brookhirst Igranic 
Limited, of London, the “* Bl-stat ” 
control system is a new form of static 
. control gear which eliminates all 
) contacts and moving parts from 
control units. As there is nothing 
(0 wear, break, or burn out, and as 
encapsulated housings ensure com- 
plete protection from dirt, moisture, 
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or fumes, a new conception of reli- 
ability is afforded, particularly in 
many applications where processes 
are complicated, stoppages are cost- 
ly, or maintenance is difficult. 

In the “ Bl-stat’’ system, all 
operations performed by conven- 
tional control-circuit relays are per- 
formed by five principal “ logic- 
function ”’ units, these being oR, AND, 
TRIGGER, TIMER and TRANSDUCER. A 
combination of or, AND, and TRIGGER 
units carries out the duties of con- 
ventional relays, while push-buttons 
and limit-switches are replaced by 
contactless TRANSDUCERS. The cir- 
cuits are based on high-speed mag- 
netic amplifiers operating at intrinsic- 
ally safe low-voltage and power 
levels and are built into small en- 
capsulated blocks with appropriate 
input and output terminals. The 
circuitry within the blocks enables 
the various logic functions to be per- 
formed, and a complete “* Bl-stat ”’ 
control system is a combination of 
logic units. 

The or unit, with two input 
terminals and one output terminal, is 
taken as the standard unit, six of 
which are built into one block. The 
OR unit gives an output when either 
input is present and is equivalent to 
two pairs of relay contacts in parallel. 
By connecting together the output 
terminals, an OR unit with any 
number of inputs can be built up. 

The AND unit has one input and 
One output terminal and, as with the 
OR unit, there are six AND units in 
one block. Any number can be 
connected together in parallel, their 
outputs being connected to one or 
other of the two input terminals of 
the TRIGGER unit. Thus, the TRIGGER 
unit has two input terminals A and 
N and one output terminal, and is 
used in conjunction with AND units 
to form a circuit, a typical example 
of which is arranged in such a way 
that a signal is presented to terminal 
A of the TRIGGER unit only when all 
signals to this terminal are present 
from the outputs of all the AND units 
connected to it. Similarly, a signal 
is presented to terminal N only 
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when ail signals from the outputs of 
all the AND units connected to it 
are present. The TRIGGER unit is so 
arranged that it will give an output 
if a signal is applied to terminal A, 
but will never give an output if a 
signal is applied to terminal N. 

The TIMER unit can be of the 
delay-on type or the delay-off type. 
The delay-on TIMER unit gives an 
Output some time after the input 
signal is applied, its function being 
equivalent to the delayed closure of a 
conventional pair of normally open 
contacts. The period of delay can be 
varied continuously between 0 and 
10 sec by a small external potentio- 
meter, and can be quickly and auto- 
matically reset on removal of the 
input signal. The delay-off TIMER 
unit is the inverse of the delay-on 
unit, the output appearing immedi- 
ately after an input signal is applied, 
but continuing for a preset time after 
the input is removed. The delay 
period can be varied as before. 

The TRANSDUCER unit, which 
replaces conventional push-buttons, 
limit-switches, contactor auxiliary 
switches, etc, is fundamentally a 
proximity switch, consisting of two 


encapsulated units which, when 
brought to within j in. of each 
other, produce an output. The 


accuracy of switching is between 
0:001 and 0-005 in., depending on 
external factors. When applied as a 
limit-switch to a machine tool, for 
example, the TRANSDUCER unit may 
be employed as a proximity switch, 
with one unit mounted on a fixed 
member and the other on a moving 
member of the machine. Where it is 
more convenient to do so, the 
proximity units are mounted in a 
housing with a simple rod actuator 
with a spring return. The composite 
unit can then be fitted with a roller 
lever or any other standard operating 
mechanism. The TRANSDUCER unit 
is available in two forms, i.e., norm- 
ally-on and normally-off. When 
both types of signal are required, the 
two forms can be coupled together. 
An“ On ” push-button is a normally- 
off TRANSDUCER unit, and an “ Off” 
push-button a normally-on TRANS- 
DUCER unit. 

The powers of the outputs signals 
of TRANSDUCER, TRIGGER, and TIMER 
units are sufficient to feed a large 
number of oR and AND units in 
parallel, and this can be effected 
indiscriminately without any risk 
of ** back-feeds ”’ 

A MEMORY unit (equivalent to a 
relay with maintaining contacts) is 
achieved by feeding the output of a 
TRIGGER unit into an OR unit, the 
other output of which is connected 
to the signal to be maintained, the 
output of the or unit being con- 
nected to one AND-unit input of the 
TRIGGER unit. By a simple modi- 
fication of the TRIGGER-unit circuit, 
the ** memory ”’ can be made either 
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e, on or Off, when the power 
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rmanent memory is one which 
i] always return to the “ off ”’ 
ition in case of power failure. — 
A magnetic power amplifier is 
sed to boost the power to the re- 
yired level whenever a TRIGGER 
sitis required to operate a solenoid, 
ontactor, Or clutch, standard ampli- 















ICAL| upplies power to the logic units at 
63 Vac. and 24 V d.c., as well as a 
NCE eal supply for the TRANSDUCER 
units, Throughout the system, all 
ERE ! ignais are at 6 V d.c., and the 
current drawn by the AND units is 
only a few milliamperes. 


PECO Machinery Sales 
(Westminster) Limite 
Of their new series of PECO die- 
casting machines, with locking forces 
ranging from 300 to 750 tons and 
casting capacities from 5} to about 
54 1b, PECO Machinery Sales (West- 
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signed to meet the trend for die- 
casting aluminium, although the 
highest possible standard is also 
maintained when casting brass. 
Special features of this series of 
pressure die-casting machines include 
arecirculation device which prevents 
Th avitation in the injection circuit and 
ensures that, when the die is fully 
packed, there is an immediate 
0 change-over from high-speed injec- 
tion to high-pressure squeeze, there- 
by consolidating the casting and 
» eliminating porosity. Furthermore, 
an improved pre-filler and what is 
believed to be the largest accumu- 
lator for a given machine size are 
A fitted. The stroke on all machines 
can be adjusted to eliminate excess 
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movement, reducing cycle time to a 
minimum, while the die can be ad- 
justed extremely easily within very 
wide limits by a central screw. 


James Neill & Co. (Sheffield) Ltd. 

In addition to a wide range of 
magnetic tools and accessories, in- 
cluding ‘* Eclipse’? magnetic posi- 
tioners, hold-fasts, tool-racks, float- 
ers, Vee-blocks, links, and bases for 
dial-gauges, James Neill & Co. 
(Sheffield) Ltd. were exhibiting no less 
than thirty-seven different models of 
magnetic chucks, ranging from stan- 
dard general-purpose and _ heavy- 
duty types to units with fine pole 
spacing for holding small parts or 
thin sections. 





Fig. 19. 


A new magnetic chuck in the 
range is the “‘ Eclipse’? Permanent- 
Electro Chuck, which operates on the 
principle that the highest possible 
efficiency of a permanent magnet is 
obtained before the circuit in which 
it is magnetized is broken, as it is then 
operating at its full value of remanent 
magnetism. As a result, this parti- 
cular chuck (Fig. 19) has a number of 
permanent magnets surrounded by 
suitable coils which magnetize the 
magnets to saturation in situ. In this 
way, the magnets attain a high point 
of efficiency, securing workpieces 
very firmly, as both the holding mag- 
nets and the workpiece are mag- 
netized together. When the work- 
pieces are to be removed from the 
chuck surface, this is accomplished 
by reversing the current, thus 
demagnetizing, in effect, the magnets 
and workpiece. Magnetizing or de- 
magnetizing is effected merely by 
operating the appropriate push- 





Fig. 18. 
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button on the control equipment. 

As this chuck is entirely inde- 
pendent of power supply when in 
actual operation, there is no danger 
of “‘ wipe-off ’’ as a result of a poss- 
ible power failure. Furthermore, as 
the current is applied only during 
magnetizing and demagnetizing 
operations, there is no generation of 
heat, thus overcoming the inaccura- 
cies sometimes experienced with 
electromagnetic chucks. Also, the 
holding capacity is not limited by the 
power supply, as the permanent mag- 
nets operate at the highest possible 
point of magnetic efficiency when the 
current is switched off. The new 
chuck is available in sixteen sizes, in 
widths of 12, 16, 18, and 20 in., and 
in lengths between 24 and 40 in. 

Other exhibits by James Neill 
include “* Eclipse ’”’ high-speed hack- 
saw blades and frames, tool-bits and 
tool-bit holders, engineers’ hand and 
precision tools, including angle- 
plates and Vee-blocks, and a wide 
selection of tools for accurate mark- 
ing out of work. 


P.I.V. Antrieb Werner Reimers KG 

Of the exhibits featured by this 
German company, particular in- 
terest attaches to their P.I.V. type- 
RS_ high-capacity variable-speed 
gears, which have been developed in 
Germany for solving the problem of 
transmitting high powers (up to 150 
hp in special cases) in confined spaces 
and which are now available in 
Great Britain from Stone-Wallwork 
Limited. 





Fig. 20. i 

The type-RS drive utilizes a ring 
roller chain, each pitch of which 
consists of a centre member with a 
hardened and ground roller section, 
the rollers being so mounted that 
they can rotate with respect to the 
centre member. Chain pull is trans- 
mitted in a continuous loop by each 
centre member, which also resists 
external roll pressure during wheel- 
face engagement. Infinitely variable 
speed is obtained by the use of ad- 
justable opposing conical wheels, 
between which the chain operates at 
the required pitch diameter, the 
short-pitch design of the chain en- 
suring a smooth meshing action and 
load distribution over a great num- 
ber of contact areas. A _ typical 
example of this new gear, i.e., the 
type RS-33, which is available for 
different speed ratios from 3 to 7, is 
illustrated in Fig. 20. 
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British Industrial Developments 





OS 


Automatic Vertical Slag-Welding 
Machine 


A new automatic vertical slag-welding machine, de- 
nated “* Vertomatic”’, is to be manufactured under 


licence from Vus, of Bratislava, Czechoslovakia, by 
gockweld Limited, of Croydon, Surrey. The patented 
srocess employed in this machine differs radically from 
sonventional methods of electric welding, inasmuch as it 
brings about the fusion of parent metal and continuously 
fed weld metal under a substantial layer of high-tempera- 
ure electrically conducting slag. 
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_In this process, which is used mainly for the seaming 
of plates of medium and heavy thickness, the plates are 
xt up in a vertical plane, the parallel gap between them 
being bridged by water-cooled copper shoes which form, 
ineffect, a mould for the molten weld metal and give the 
required contour to the finished weld. The upward move- 
ment of the shoes is automatically controlled and syn- 
chronized with other operations of the machine. Before 
welding starts, a prepared block is placed below the plate 
edges to close the welding cavity, into which granulated 
fux is then dropped and is subsequently melted by the 
tc IN @ manner similar to the submerged-arc welding 
process. Arc energy, however, is used only initially to 
luse the flux into molten slag which then, owing to its 
elevated temperature, becomes a highly ionized mass, 
offering a path of relatively low resistance to current 
lowing from the electrode wire to the pool of weld metal 
ind the adjacent plate edges. Electrical energy expended 
nthe slag and weld metal in this way becomes the med- 
um through which heat is maintained for continuous 
fusion of the electrode wire. 

To obtain consistent energy dissipation with thick 
plates, a reciprocating transverse motion can be auto- 
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matically imparted to the electrode wire as it is fed into 
the slag. Furthermore, for very thick plates, and with 
suitable equipment, two or three wires may be run into 
the same pool simultaneously. As the pool of weld metal 
builds up, the lower part is continuously cooling to form 
a homogeneous weld with effective penetration of the 
parent plates and with smooth clean external faces con- 
toured by the copper shoes. 

The machines are designed to weld plates from 1} 
to 14 in. in thickness, using a solid or a composite elec- 
trode wire of } in. in diameter. It is claimed that, with 
composite wires, welds having a tensile strength of 
62,000 to 66,000 psi, a yield strength of 40,000 to 46,000 
psi, and an impact value of 36 to 50 lb-ft have been ob- 
tained during tests on non-heat-treated samples. 

The main economy of the slag-welding process arises 
from the elimination of plate preparation and of multiple 
passes; as a result, less electrode wire and flux are re- 
quired, and time-consuming deslagging and chipping 
operations can be reduced. In addition, owing to the 
high thermal efficiency of the process, considerable 
savings can be made in the consumption of electricity. 


Miniature Industrial Gas Turbine 


Following their earlier announcement this year that 
the Perkins group would manufacture a range of indus- 
trial gas turbines from 50 to 1500 hp, designed and deve- 
loped by the Solar Aircraft Company, of San Diego, 
California, Perkins Gas Turbines Ltd., of Peterborough, 
a subsidiary of F. Perkins Ltd., now announce that they 
are concentrating initially on the manufacture of the 
‘** Mars ’’ miniature gas turbine. 

The Mars gas turbine, which has only three major 
components and few moving parts, runs equally well on 
diesel fuel, paraffin, or low-grade petrol and develops no 
less than 50 hp at 40,000 rpm; nevertheless, it is believed 
to be one of the smallest gas turbines in production, 
measuring only 22 in. in height, 17 in. in width, and 24 
in. in length, including the gearbox and all accessories. 
Its weight is 98 lb, representing a power/weight ratio of 
about 0.5, as compared with 0-1 for modern compression 
ignition engines of the same rating. 

The turbine assembly employs a single-stage centri- 
fugal compressor, single-elbow combustor, and a single- 
stage radial inward-flow turbine. Air enters the com- 
pressor through a screened annular inlet case leading to 
a centrifugal impeller. Following the impeller, the air 
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a radial diffuser and is collected by a 
eee. which directs the compressed air into 
‘combustor, where fuel is injected and burnt to produce 
-ombustion gases at high temperature. Ignition, required 
nly for original light-off, is achieved by a sparking-plug. 

; then flow to the turbine, where they pass 

through a scroll to a nozzle ring which directs them 
adially inwards against the vanes of a turbine rotor. 
air expansion, they exhaust axially through a short 
iailpipe. The turbine rotor and compressor impeller are 
mounted back-to-back on the same shaft and are sepa- 
rated by a seal plate. 
Intended primarily for emergency and stand-by 
operation, the Perkins Mars gas turbine has been de- 
jgned for instant starting by hand or by an electric 
notor, and for reliability, easy handling, fuel versatility, 
minimum maintenance, and long life. As such, it is 
eminently suitable for use in a wide variety of applica- 
tions, including ships’ salvage operations, shipboard de- 
icing, smoke-screen generation, air compressors, and 
pumping of liquids. In this connection, a Mars gas- 
turbine water pump, weighing 172 lb and capable of 
delivering 500 gpm of water at 100 psi, has already been 
demonstrated. 


Standard Silicon Solar Cells 


To provide accurate radiation-measuring standards 
for checking the efficiencies of production silicon solar 
cells, the International Rectifier Co. (Gt. Britain) Ltd., of 
Oxted, Surrey, an associate of the Internal Rectifier Cor- 
poration, of California, U.S.A., announce the introduc- 
tion of secondary standard silicon solar cells, specifically 
designed for the calibration of artificial light sources in 
terms of solar-energy radiation. These cells may be con- 
sidered as the solar-cell analogue to the pyroheliometer 
standard, and make it possible to evaluate solar cells for 
efficiency, without the need for a pyroheliometer or some 
other complex light-measuring device. 
















Each cell is selected to be of at least 9% conversion 
efficiency and is accurately calibrated to its exact effi- 
ciency rating. Thus, a calibration curve is plotted for 
each cell, showing its efficiency at certain radiation in- 
lensities and specified temperature conditions, and is 
mounted permanently in the instrument case. The cells, 
which measure 1-87 x 1-2 x 0-28 in., are mounted in a 
tugged shock-resistant housing and have thermocouple 
kads attached for measurement of cell temperature. 


Plastic-Coating Machines 


Following an agreement with the C. A. Litzler Co., 
Inc., of Cleveland, Ohio, Mather & Platt Ltd., of Man- 
chester 10, are now offering a range of machines for the 
plastic coating of a very wide variety of materials by con- 
tinuous processes. Although the range may later be ex- 
tended to equipment for the plastic coating of strip steel 
and plywood, it is at present intended for the coating and 
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impregnation of fabrics and paper, including mine-con- 
veyor belting coated on both sides, heavy-coated viny] 
fabrics for floor coverings, textile-backed pressure-sensi- 
tive tapes, waterproof fabrics, non-woven textiles, struc- 
tural- and engineering-type fabrics, and glass-coated 
fabrics for high-temperature uses, as well as for underlay 
and saturated papers, and adhesive coatings for decora- 
tive and other uses, including metallic foils and films. 





The range, which will be the most comprehensive of 
its kind in the U.K., consists of a considerable number 
of machines for different requirements, e.g., impregnat- 
ing machines, embossing machines, drying and gelling 
machines, fabric and plastic combining machines, coating 
machines of the knife-spreader and reverse-roll types, and 
a complete range of the necessary materials-handling 
equipment. In addition, pilot plant and laboratory 
equipment for any process can be supplied. The illus- 
tration shows a four-element combination coating 
machine for reverse-roll, knife, solution, and rotogravure 
coating, the machine in the illustration being arranged 
for rotogravure coating. Rotation of the large hand- 
wheel at the left adjusts the coating head from roto- 
gravure to the reverse-roll or knife coating positions. 
For solution coating, the material is threaded through a 
removable trough. 


Negative Phase Sequence Relays 


The latest addition to the range of relays produced by 
the Meter, Relay, and Instrument Division of The Eng- 
lish Electric Company Limited, of London, W.C.2, is a 
negative phase sequence relay designed to protect large 
alternators from unbalanced loading or faults, by shut- 
ting them down quickly before they can be damaged and 
also avoiding unnecessary tripping. 

As negative phase sequence heating varies according 
to the type of alternator and method of cooling, these 
relays have time/current characteristics approximately 
matching the heating characteristics of any alternator 
with which they are used, this being achieved by the pro- 
vision of four negative phase sequence current settings 
and variable time-multiplier settings. These relays, 
designated type CDN, are of the induction disc pattern, 
and are basically similar to the type CDG inverse time- 
overcurrent relays. They are fed from a separately 
mounted negative sequence filter network. 

A unit with lower sensitivity settings is also provided, 
operating an alarm so that corrective action can be taken 
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These are specific examples. 


Do you wait for hot water on a cold Monday morning 





Where hot water is provided from a storage system 
there is a waiting period when production starts, for the 
water to heat upin the storage tanks. 

With Leonard Steam Water Mixers there is no 

waiting period. Hot water is available as soon as the 
steam is turned on. 


How would you raise the temperature of a spray 4 
very gradually from cold to 120 degrees? 


Leonard Valves fitted to the sparge pipe on a cloth 
scouring and milling machine enable the scourer to vary 
the temperature to suit the work and to 

make changes in the temperature during 

the process gradually, giving a cleaner scour 

and a better finish. 


Do you use cold water when you would like to use hot p 


When vegetables are cleaned for canning they are 
washed in a running stream of water. If the water is 
too cold the girls’ fingers get numb and their 
production slows down. If it is too hot the vegetables 


are spoilt. A Leonard Valve looks after the temperature, 
the girls’ fingers and the vegetables. 
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fore the tripping unit is actuated. The alarm unit is 
plowed by a time-delay relay, preventing unnecessary 
arming during brief conditions of unbalance. This unit 
fed from a separate filter contained in the same case as 
hemain filter. The disc, alarm, and time-delay units are in 
‘h draw-out case suitable for flush or projection mounting. 





Miniature Cyclone Dust-Collector 


introduction into the U.K. of the Mancuna- 
Bs D584 miniature cyclone dust-collector, which 
* already been tested and applied in a number of 
medium- and large-scale plants in the U.S.A. during the 
ast two years, is announced by Mancuna Engineering 
imited, of Denton, Manchester. It is claimed that this 
ailector should considerably extend the range of appli- 
ation for high-efficiency mechanical dust-collectors and 
hat no other multicellular unit can produce a comparable 
Fiecovery efficiency on fine-particle dusts. 











~ 


The collector comprises a number of standard cyclone 
tubes of special design, in which the cyclone tube and 
scroll inlet are produced in a single casting. These tubes 
are cast with a wall thickness of in. and are available 
instainless steel, in aluminium alloy, or in an unannealed 
malleable white iron with a very hard working surface 
and exceptional resistance to abrasion. 


Radio-Frequency Induction Heaters 


Although radio-frequency generators have been 
manufactured during the past fifteen years for the wood 
trade by the Pye Process Heating Division of Pye Ltd., of 
Cambridge, it is only now that they have started making 
them for use in metal industries. The first induction 
— in this new range is the R.F.1, which has been 
esigned for bench operation and gives a continuous 
output of 3 kW at 2 Mcs. Employing modern circuit 
techniques throughout, this unit is believed to be the most 
compact and efficient of its kind available today, the 
overall dimensions being 22 x 25} x 26 in. high. 

The unit is housed in an aluminium cubicle and is 
fitted with safety switches on the removable sides. The 
equipment is self-contained and includes its own auto- 
matic resetting process timer and an overload relay for 
protection of the oscillator valve. Provision is made for 
emote control, and a pulse is available at the end of the 
heating cycle, for the purpose of initiating a quenching 
or any other required operation. The oscillator valve and 
coil are water-cooled, the flow rate being 1:5 gpm, and a 
flow switch is incorporated in the supply for switching off 
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the equipment in the event of water failure, thus protect- 
ing the valve against overheating. The equipment is de- 
signed to be operated from a 3-phase, 50-cps supply of 
from 360 to 460 V, witha full-load consumption of 6:1 kW. 


Gaugeless Multi-Stage Pressure 
Regulator 


As the result of a revised agreement between British 
Industrial Gases, of Enfield, Middlesex, and the Harris 
Calorific Co., of Ohio, U.S.A., the Harris model 77N 
gaugeless multi-stage pressure regulator will now be pro- 
duced in the U.K. Designed to deliver a constant work- 
ing pressure, irrespective of the incoming pressure, and 
with a minimum variation from flow to non-flow, this 
regulator employs a cylinder contents indicator which is 
graduated in steps, in place of the usual pressure-gauge, 
as well as a working-pressure indicator with pressures 
impressed into the bonnet, instead of the normal pressure 
gauge. The required pressure is selected by an adjusting 
screw, the thimble of which prevents dirt, etc. from lodg- 
ing on the threads, thereby prolonging its life, and, once 
the regulator has been set, the delivery pressure remains 
constant from full-cylinder to empty-cylinder pressure. 

In the new regulator, which requires virtually no 
attention, a_ self-sealing, spring-loaded poppet-type 
safety-valve protects the intermediate stage, while a 
working-pressure safety-valve protects the low-pressure 
stage. Although the intermediate-pressure chamber 
operates at approximately 250 psi, the diaphragm is 
designed to vent at 1000 psi through a relief valve, a 
venting disc also being incorporated on the Jow-pressure 
side. Thus, regardless of the operating conditions, both 
the high- and low-pressure chambers are safeguarded. 





The dangers incurred by improper operating proce- 
dure are eliminated; in fact, full cylinder pressure can be 
turned on quite safely with the adjusting screw in any 
position, the reason being that the full cylinder pressure 
of 2000 psi is automatically reduced by 90% when it 
enters the first stage, controlled by a 1-in. metallic dia- 
phragm. As the ratio between the seating area and the 
diaphragm is only 10:1, this ratio reduces the shock 
absorbed by the seat when the cylinder valve is opened. 
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A New Air-Hardening Graphitic Steel for Tool and Die 
Applications. 
By C. F. JATCZAK, O. A. Prouts, and D. J. GIRARDI. 
(From The Tool Engineer, U.S.A., Vol. 43, No. 2, 
August 1959, pp. 63-68, 7 illustrations) 
THE presence of graphite in tool steels confers unusual 
physical properties. Thus, the graphite acts as a chip- 
preaker and dry lubricant during machining and as a 
s{ress-relieving medium during hardening. Furthermore, 
graphite reduces the modulus of elasticity, improving 
wear resistance. It is not surprising, therefore, that the 
popularity of graphitic tool steels has steadily increased 
during the past few years. However, these steels have 
until now been available only in water-hardening and oil- 
hardening varieties, and consequently it is interesting to 
note that an air-hardening type of graphitic tool steel 
has now been developed, combining the satisfactory 
characteristics resulting from the presence of graphite 
with the advantages of air-hardening and easier pro- 
cessing. 
The new steel contains 1-35% C, 1-85% Mn, 1-:20% 
Si, 185% Ni, and 1-50% Mo, the nickel and silicon being 
balanced against the carbon-formers (manganese and 
molybdenum) to obtain the desired graphite content (0-2 
to 06%). This alloying combination is such that the 
graphite content resulting on cooling from hot-working to 
annealing is rendered exceptionally stable for further re- 
heating or hardening, as required. The steel can be heat- 
treated from the same temperatures (1450 to 1500°F) and 
in the same salt baths and furnaces as standard water- 
hardening and oil-hardening tool steels. The high carbon 
content provides the necessary reservoir for the form- 
ation of graphites and carbides, and also ensures a high 
surface hardness, even if the surfaces are not protected 
during hardening. 
The optimum hardening temperature range for the 
new material is between 1450 and 1500°F, and this 
temperature range has produced hardnesses between 59 
and 62 Rc in round sections of from 1 to 6 in. in diameter. 
Mechanical properties are satisfactory, wear resistance 
being particularly good. Machinability is not quite as 
good as that of oil-hardening graphitic steels, but com- 
pares favourably with that of conventional non-graphitic 
oil-hardening tool steels. The hardened steel can be 
welded either with oil-hardening tool-steel electrodes or 
with a specially developed air-hardening rod, both these 
rods producing hardened weld deposits. In the annealed 
condition, the material must be welded with an air- 
hardening rod to produce effective hardening in the weld 
material when the annealed part is fully hardened. 


ces of Brittle Fracture in a Low-Carbon 
teel. 

By G. T. HAHN, W. S. Owen, B. L. AVERBACH, and M. 
CoHEN. (From Welding Journal, U.S.A., Vol. 38, 
No. 9, September 1959, pp. 367s—376s, 24 illustrations) 
IN this paper, tensile data, elastic-limit measurements, 
and metallographic observations of slip, twinning, and 
micro-cracks for samples tested at temperatures ranging 
from room temperature to —250°C, as well as standard 
Charpy data, are presented for a low-carbon steel in a 
coarse-grained and in a fine-grained condition. 
Elastic-limit, upper yield and lower yield, and ultim- 
ate-tensile-stress values were found to increase markedly 
with a reduction in test temperature, particularly below 
—100°C. Fine-grained samples exhibit higher elastic- 
limit and yield-stress values. This effect is most pro- 
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nounced at room temperature and becomes less pro- 
minent at low temperatures. 

An abrupt curtailment of the ductility and fracture 
stress, referred to as the ductility transition, is observed at 
—128°C for the coarse-grained, and at —156°C for the 
fine-grained material. Corresponding changes in the 
Charpy-impact transition temperatures are displayed 
by the two grain-size conditions. Above the ductility- 
transition temperature, tensile bars break after necking 
with a fibrous fracture, or a combination of fibrous and 
cleavage fracture. Below the transition temperature 
fractures are predominantly of the cleavage type and are 
nucleated by micro-cracks. Such cleavage fractures 
occur after strain-hardening, i.e., 5 to 20% elongation, 
and after the onset of discontinuous yielding, i.e., 0-1 to 
4% elongation. Below —196°C, cleavage fracture is 
associated with the onset of twinning. The observation 
that cleavage fracture is preceded by some plastic 
deformation at all temperatures supports the concept of 
deformation-induced cleavage fracture. 

Cleavage micro-cracks of the order of the grain 
diameter in length are formed prior to fracture at low 
temperatures in regions of the tensile bar that have 
undergone plastic deformation. The micro-cracks are 
regarded as instances of cleavage initiation within a grain 
that fail to propagate to fracture. The cleavage-fracture 
stress for the low-carbon steel investigated is determined 
at the very low temperatures by the requirements for 
yielding, i.e., slip or twinning, and at higher temperatures 
by the requirements for crack propagation. 


The Corrosion of Road-Vehicle Cooling Systems by 
Anti-Freeze Solutions. 

By H. H. Cottins and R. I. Hiccins. (From B.C.I.R.A. 
Journal of Research and Development, Birmingham, 
Vol. 7, No. 12, June 1959, pp. 667-691, 18 illustrations) 

THE British Cast Iron Research Association has been 
engaged for the last two years in a study of the factors 
influencing the development of excessive rates of corro- 
sion in the cooling systems of the engines of certain road 
vehicles using anti-freeze sofutions produced in accord- 
ance with Specification D.T.D.779 (glycol inhibited with 
triethanolamine phosphate/sodium mercaptobenzo- 
thiazole). 

The evidence available from engine manufacturers’ 
records indicates that the vehicles most liable to severe 
corrosion are heavy-duty diesel-engined trucks built 
during the winter months and filled with the coolant at the 
factory. Corrosion difficulties usually arise within the 
first two or three months of service, and there is some 
evidence to suggest that the corrosion is associated with 
the development of leaks in the cylinder-head gasket. 

Analysis of samples of coolant taken from vehicles 
which have been operating under typical service condi- 
tions have indicated that the contents of the inhibitors 
in the coolant decrease with time, the phosphate and 
mercaptobenzothiazole being lost at the highest rates. 

Comparison of the decrease in phosphoric acid and 

triethanolamine contents and the pH-value of the result- 

ing solution indicates clearly that, at the same time as 
inhibitor depletion takes place, additional acid is intro- 
duced into the coolant. It has been shown that the major 
portion of this additional acid is formic acid, and there 
is evidence to show that this arises from the oxidation of 
the glycol, and that it is likely that some oxidation of the 
glycol in an anti-freeze solution, whatever its inhibitor 
system, will always take place under service conditions. 
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in the case of anti-freeze solutions produced in accord- 
¢ with D.T.D.779, the rapid corrosion occasionally 
Served is probably due rather to the fact that the 
bitor system is insufficiently stable than to the fact 
at in this anti-freeze solution glycol is more readily 
Mudized. It is believed that the prime reason for the 
madequacy of the inhibitors in anti-freeze solutions 
sed in accordance with D.T.D.779 is the fact that 
‘an insufficient concentration is present. 
The pH-value of an anti-freeze solution is probably 
pot an adequate criterion of its corrosivity, since a solu- 
tion with a pH-value as high as 7:5 has been found to be 
jated with very rapid corrosion, whereas it has 
jously been assumed that all solutions with a pH- 
ter than 6-4 were safe. A better criterion, 
one which is much more difficult to determine, 
is the relationship between the total base and the total 
gidin the solution. Ina solution in which formic acid is 
being generated at a low rate, the surplus of total base 
over total acid present in the anti-freeze initially will 
bly be maintained throughout the life of the coolant, 
whereas in a solution in which formic acid is being gener- 
B ated rasidly the surplus of total base over total acid will 
decrease, and eventually a surplus of acid may be present. 
Itis considered that, when a surplus of acid is present, 
the solution can be regarded as potentially dangerous 
whatever its pH-value. 



















Hardening and Tempering Structures of Soft Steels. 
By S. Monin. (From Jernkontorets Annaler, Sweden, 

Vol. 143, No. 6, 1959, pp. 335-369, 38 illustrations) 
For the investigation described in this paper, tests were 
carried out on three steels, i.e., two carbon steels con- 
taining 0:09 and 0-18 % C respectively, and one manganese 
steel containing 0:19°%C and 1:16% Mn. Fully hardened 
samples were investigated before and after tempering to 
temperatures between 200° and 700°C. In addition, a 
number of not completely through-hardened samples 
were examined. 

With all these steels, it was found that the tensile 
strength and yield strength were about three times higher 
after quenching than after normalizing. On tempering, 
the tensile strength was continuously lowered, while the 
yield strength first rose somewhat on annealing to between 
200 and 300°C before starting to drop on tempering at 
higher temperatures. After tempering above 300°C, the 
tensile strength and yield strength were very close to 
each other. After quenching, the reduction of area was 
found to be about 50° for all the steels. The values rose 
continuously on tempering and, after tempering at 700°C, 
slightly exceeded those obtained after normalizing. After 
this treatment, tensile strength and yield strength were 
also higher than in normalized specimens. Elongation 
was about 10% after quenching and rose somewhat 
after tempering above 400°C. 

_ Impact tests were performed on 5-mm cylindrical test- 
pieces with a sharp notch. The normalized samples gave 
transition curves of the conventional type. After quench- 
ing only, impact values of 3 to 5 kgm/cm2 were obtained 
over the entire temperature range investigated. Not until 
below —80°C was the fracture entirely crystalline. 
Tempering at 300°C lowered the impact value of the 
0:18%C steel more than that of the manganese steel. 
Increased impact values were obtained on tempering at 
400°C and higher. On tempering at 700°C, the impact 
values of all the steels were found to be better than in the 
normalized condition; there was a marked displacement 
of the transition curves towards lower temperatures. 

From quenched samples tempered at 200°C small thin 
lamellae were isolated which could be identified as ¢ 
carbide. Similar lamellae could be isolated from quenched 
samples, and these are therefore considered also to con- 
AM sist of € carbide. From samples tempered at 400°C, the 

isolated particles were rod-shaped and were found by 
electron diffraction to consist of cementite. From 
samples tempered at 300°C, mainly rod-shaped particles 
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were isolated, which gave no distinct diffraction rings but, 
on account of the similarity of appearance with those 
found in the 400°C samples, are considered to consist of 
cementite. Higher tempering temperatures caused in- 
creased size of the cementite rods, the thickness iacreasing 
more than the length. 

After tempering at low temperatures, the boundaries 
of the martensite needles are marked by precipitated 
carbide particles. At 400°C and higher, the former 
austenite grain boundaries are marked in this way. At 
700°C, even the ferrite grain boundaries were found to be 
marked to a certain extent in the 0-09%C steel. 

After tempering at 400°C and higher, the shape of 
the ferrite grains differs from that of the previous marten- 
site needles. It is therefore assumed that the ferritic 
matrix recrystallizes above this temperature. This may 
be caused by residual stresses after the martensite form- 
ation and probably also by the high grain-boundary 
energy of the fine-grained structure. 

In incompletely hardened samples, different types of 
structure were found, often mixed with each other. In 
such places, where pro-eutectoid ferrite was formed 
during quenching, the adjacent austenite was enriched in 
carbon, and a carbon gradient appeared in the austenite. 
Pearlite, bainite, or martensite, formed from this austen- 
ite, inherited its carbon content. A martensite with con- 
siderably higher carbon content is probably not as tough 
as that of the fully hardened steels investigated here. 
This is probably one important reason for the difference 
in mechanical properties found between fully hardened 
and incompletely hardened low-carbon steels. 


Notch-Sensitivity Effects in Stress-Corrosion and Hydro- 
gen-Embrittlement Tests on High-Strength Steels. 
By B. F. Brown. (From Corrosion, U.S.A., Vol. 15, 
No. 8, August 1959, pp. 17-20, 5 illustrations) 
THERE are no universally accepted tests for determining 
susceptibility to stress-corrosion cracking or to hydrogen 
embrittlement. In most cases, the evaluation of these 
properties is sought in tests in which, if complete fracture 
of the specimen occurs, the measurement reported is the 
time for rupture. The purpose of this paper is to show 
how in some instances this test procedure can give erro- 
neous impressions of the rate of cracking by stress cor- 
rosion or by hydrogen embrittlement. 

The various high-strength steels differ from each other 
in their resistance to brittle fracture under stress in the 
presence of a notch; this property, called notch sensitivity, 
also varies with heat treatment. It is shown that this 
purely mechanical phenomenon may terminate a stress- 
corrosion test in such a fashion as to give an erroneous 
impression of the rate of stress-corrosion cracking, as 
already mentioned. 

For the materials user, rupture of a given material 
after short exposure appears sufficient for the practical 
purpose of rejecting the material without distinguishing 
between stress-corrosion cracking and brittle fracture. It 
should be noted, however, that this could sometimes lead 
to rejection, because of extreme notch sensitivity, of 
material which cracks by stress-corrosion only very 
slowly and which, in other geometries and other stress 
configurations, might not be susceptible to brittle frac- 
ture. If the user observes absence of cracking in speci- 
mens of a given material, this would suffice for tentative 
acceptance from the standpoint of stress-corrosion crack- 
ing, although, of course, it says nothing about notch 
sensitivity. 

It is really the materials producer who has the greater 
stake in separating the two modes of fracture, as it is un- 
likely that, in the general case, variations in heat treat- 
ment and in alloy composition will affect the suscepti- 
bilities to the two modes of fracture in the same way. 
When the metallurgical variables controlling these two 
types of failure are better understood, the improvement 
of a given material will be more expeditious if the two 
properties are assessed separately. 
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AUTOMATIC WELDING MACHINE FOR 
CRYSTAL-DIODE WIRE CATS-WHISKERS 
A completely automatic welding machine for the 
uction of crystal-diode wire cats-whiskers of ex- 
tremely small diameter has been introduced by the Kahle 
Engineering Company, of Union City, N.J. Measuring 
only 4 x 3 x 5 ft high, and capable of producing up to 
3000 units per hour, the new machine combines high- 
output with compactness and, except for occasional 
checking to replenish stock and periodic maintenance, 
requires no operator. 




































































TRY 


The machine, which is designated Model No. 3189, 
automatically feeds, cuts, forms, and welds cats-whisker 
wire or ribbon stock of gold, tungsten, or molybdenum to 
the end of beaded or unbeaded diode lead wires. Wire 
stock of from 0-002 to 0-0035 in. diameter can be handled, 
and the machine forms either an “ S ”’ or a “ C ”’ shape, 
while pointed or angled wire ends can be produced with 
tungsten carbide scissor inserts. Precision indexing is 
obtained by a six-position Geneva turret, while a syn- 
chronous electronic timer ensures uniform welding. To 
eliminate intricate grinding operations, wire-forming 
tools are made with laminations. 


FLEXIBLE EPOXY RESIN IN PREPROPORTIONED 
CARTRIDGES 

A new method of packaging a flexible epoxy resin for 
use in potting junctions and connectors has been deve- 
loped by the Chemical Division of Electronic Production 
& Development, Inc., of El Segundo and Beverley Hills, 
California. This method, which is believed to represent 
the first major break-through in packaging this type of 
resin, makes use of a special kit comprising a prepropor- 
tioned cartridge and a special two-part flexible epoxy 
resin which, when mixed in the cartridge, is immediately 
available for use. 
| _ One of the outstanding advantages of the new method 
is that no refrigeration is necessary for storage of the pre- 
proportioned cartridge, thus doing away with expensive 
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equipment for this purpose. In addition, the time pre- 
viously required for weighing, mixing, and de-airing is 
eliminated and, as the material is completely contained, 
there is no outside contamination. At the same time, 
relatively inexperienced personnel can use the cartridge 
and, as the resin, which is non-toxic and practically 
odourless, is immediately ready for use, the costly time 
factor of waiting for the material to come to room tem- 
perature before being usable does not arise. 

Preparation of the kit for use is stated to be extremely 
simple :—A clinch band near the centre of the tube is first 
removed, after which an aluminium-foil barrier, separat- 
ing the two components, is crushed by hand. The mater- 
ial is then easily mixed by slowly moving a dasher back- 
wards and forwards through approximately 30 complete 
strokes. Finally, the dasher is unscrewed, the proper tip 
is attached, an easy-to-peel seal is removed, and a hand- 
or air-gun is fitted. 


HORIZONTAL ROTARY INDEXING MACHINE 

The new Model 394-8 horizontal rotary indexing 
machine developed by the Morris Machine Tool Com- 
pany, of Cincinnati, Ohio, utilizes a table of 48 in. 
diameter and a 10-station automatic hydraulic index for 
the drilling, reaming, spot-facing, chamfering, and milling 
of 375 pieces per hour. In this new design, parts are 
cycled twice around the table, reducing the number of 
drill units required. Double fixtures are used and, with 
each indexing, the operator removes a completed part 
from the second position of the fixture, transfers a part 
from the first to the second position, and then loads an 
unfinished part into the first position, the cycle time being 
9-6 sec. 








The new machine eliminates model change-over 
problems by incorporating standard production units of 
the company, so that rapid and easy re-alignment of the 
machine is possible for changes in product models, for 
completely new models, or for other types of products 
within the size limits of the machine. Each standard unit 
has independent feeds and speeds, permitting adjustment 
without affecting the entire machine. Operation is entirely 
automatic, and the seventeen compact cam-fed drill units 
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t only ensure flexibility but also offer auto- 
eee controlled operational cycles, adjustable thrust 
control, and a wide range of spindle speeds. All machin- 
ing is effected dry, no coolant being necessary. 


SPARK-EROSION MACHINE FOR FORGING DIES 

Specifically designed for the semi-automatic produc- 
tion and servicing of forging dies up to a maximum size 
of 28 x 16 x 15 in. deep, the new ‘ Erodomatic ”’ type 
W/DM spark-erosion machine announced by Wickman 
Ltd. of Coventry, utilizes the inherent self-feeding 
characteristics of the spark-machining process to pro- 
duce equipment which, once set up, will continue erosion 
throughout any die-sinking operation completely un- 
attended, thus reducing labour to a minimum. The 
equipment is designed as three distinct units, i.e., the 
machine tool, the generator, and the dielectric-fluid cir- 
culator, each of which is capable of disposition in ac- 
cordance with shop layout. The units are of uniform 
width and are particularly suitable for in-line arrange- 
ment, as Shown in the illustration. 





The main body is a light-alloy casting, the upper part 
forming the work-tank, within which is mounted the 
work-table, measuring 32 x 20 in. Circular rails mounted 
transversely on the work-tank carry a slidably mounted 
cross-rail which carries the servo-head unit. The cross- 
rail incorporates a worm-and-segment arrangement which 
enables the servo-head to be pivoted up to the horizontal 
position. As a result, the servo-head unit can be moved 
quickly to its furthermost backward position, completely 
clearing the work-tank area and providing unimpeded 
access to the work-tank for loading and unloading heavy 
die-blocks by overhead lifting facilities. In addition, the 
fitting and inspection of electrodes is facilitated. The 
transverse cross-rail carriage and the servo-head can be 
precisely located in increments of | in., and a compound 
slide arrangement fitted to the servo-head provides fine 
adjustment on both rectangular co-ordinates in incre- 
ments of 0-001 in. 

The work-tank is provided with a float-switch con- 
trolling the generator and servo-control system. This 
ensures that cutting power cannot be delivered to the 
electrode until the workpiece is properly immersed in the 
dielectric fluid, and thus removes the risk of fire or danger 
\o the operator from electric shock. In this way, opera- 
tion of the equipment becomes virtually automatic, once 
setting up has been completed, thereafter requiring 
merely the actuation of a ‘* FILL ’’ cock to start machining, 
which continues until the depth of impression has been 
reached and a trip-switch shuts off the cutting power. 
Operation of a ‘* DRAIN ”’ cock at any time for inspection 
or other purpose also shuts off the cutting power. An 
overflow weir, provided at the upper fluid level in the 
work-tank, is capable of taking the maximum delivery, 
the rate of flow to the tank being adjustable. 
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The servo-controlled tool head is in the form of a 
self-contained cartridge element and is capable of being 
adjusted 6 in. manually in a vertical direction, to provide 
for differing thicknesses of workpiece. The head is also 
provided with an automatic quill stroke of 3 in., driven 
by reduction gearing from a servo-controlled in-built 
electric motor of a special type, and capable of operating 
a maximum weight of electrode tool of 20 lb. In order 
to secure minimum reaction time, and thus efficient 
operation, the design is such as to reduce both electrical 
and mechanical inertia as far as possible. The head is 
provided with a graduated scale, with which a cursor 
carried by the moving quill co-acts, and also a dial indi- 
cator, so that both coarse and fine travel of the quill may 
be noted. An adjustable trip-switch is also provided, 
which may be set in conjunction with the dial indicator, 
to shut off the cutting power at an accurate end-point of 
the machining operation. The servo-actuated quill is 
provided at its lower end with a short female taper, in 
which may be mounted an electrode carrier direct, or a 
small 3- or 4-jaw chuck. 

The electrical equipment to provide the machining 
energy and the means of controlling the servo-motor in 
the tool head is housed in a sheet-metal-clad framework. 
Easily removable panels are provided for complete access 
to the equipment, and interconnections between the 
mechanical and electrical units are made by means of 
multi-way connectors. Alternative generators of differ- 
ent maximum power ratings, i.e., 13 kW and 4-5 kW res- 
pectively, are available. Three cutting ranges, selected 
by a lever-switch, are incorporated in each case, the 
maximum metal-removal rate with the 13-kW generator 
being 1000 mm/min for range (1), 300 mm/min for 
range (2), and 100 mm/min for range (3). In the case of 
the 4-5-kW generator, these values are respectively 400, 
150, and 100 mm/min. 


MINIATURE EDGEWISE ELECTRICAL METERS 

Occupying a space frontage of only 2:5 x 0-62 in., or 
less than a quarter of the panel area of conventional 
meters of equivalent scale lengths, the new Model 220 
edgewise meters announced by Electrical Instruments 
Ltd., of Slough, have been developed for use in modern 
complex crowded control panels, where front space is at a 
premium. Thus, they are eminently suitable for use in 
tape-recorder level indicators, output monitors, indica- 
tors, automation and control-equipment panels, etc., 
while their case design is such that they are suitable for 
small transistorized assemblies to be plugged in as com- 
plete units. 





These meters incorporate a new miniature version of 
the company’s centre-pole movements, retaining all their 
outstanding features of extreme robustness, permanent 
method of dry balancing, small size. light weight, and 
stick-free operation. The range of instruments is available 
as voltmeters, milliammeters, and microammeters, and 
also with a rectifier for operation on a.c. supplies. In 
addition, they can be supplied with right-hand-zero, left- 
hand-zero, displaced-zero, or centre-zero pointer posi- 
tions, and are suitable for either horizontal or vertical 
mounting. The movement of each meter is housed in an 
attractively designed transparent case, allowing a maxi- 
mum amount of light to fall on the scale and resulting in 
shadowless reading. 
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) | NEWS OF THE MONTH _ 


PERSONAL Carbide Industries Limited, a member of the British 

_M. S. Coates, O.B.E., F.C.A., has been Oxygen Group of Companies, announce that Dr. T. W. 

T. Baillie, B.Sc., Ph.D., has been appointed production 

aponied to the board of directors of George Angus & manager, Mr. W. W. Ringland, B.Sc., A.M.1.Chem.E., 
Ltd. : : 

Co, ‘ , en Tm chief works engineer, Mr. A. R. Robertson a 

Mr. T. Furness, secretary and a director 0 omas manager, and Dr. R. D. Thrower, B.Sc., Ph.D., works 

PM Robinson & Son Limited, has been appointed a joint research and development manager at their carbide and 

Bi managing director of the company. acetylene factory at Maydown, near Londonderry. 


Dr. W. D. Scott, F.R.I.C., F.1.R.I., has been Following the reorganization of the board of Lansing 
appointed managing director of BTR Industries Ltd. in Bagnall Ltd., Mr. J. Dolphin, C.B.E., T.D., D.L.C., 
succession to Mr. P. W. Howard who, while relinquishing F.Inst.F., has been appointed joint managing director of 
his position of managing director, remains a director and the company. The board of the company now consists of 
deputy chairman of the company. ~~ = — bag yee a “> Ps Siooetess. 

. r. V. A. G. Lambert, C.B., C.B.E., M.I.Mech.E., 
Pham ae “ 2 ee appointed chairman and joint managing director, and Mr. P. 


Boulton, general manager. 
Captain R. A. Villiers, C.B.E., A.M.I.E.E., R.N. 


B.H.D. Engineers Limited announce that Mr. P. 
(Retd.), en ee director w Bn Scientific Rushworth has been appointed a director and secretary 
Instrument Manufacturers’ Association of Great Britain and Mr. A. J. M. Henshaw a director and general sales 


Kerry’s (Great Britain) Limited announce the ap- manager of W. C. Holmes & Co. Ltd. and that Mr. P. 
pointment of Mr. H. R. Peters as assistant managing Croset has been appointed managing director of The 
director. Holset Engineering Co. Ltd. 


Mr. J. E. Robson, M.C., has been appointed to the Mr. R. G. Camp has been appointed sales manager of 
board of Samuel Osborn & Co., Ltd. Square D Limited, of Cheney Manor, Swindon. 


Ak. B. dan has bee inted publicit Powell Duffryn Carbon Products Limited announce 
{ i of Edger Allen & ‘Co. — re that Mr. F. W. Stokes has been appointed to the board 


a i of directors of the company. 
Mr. F. J. Jervis, B.Sc.(Eng.), A.M.Brit.1.R.E., 
A.M.I.W.M., has been appointed contracts manager of 
Nash and Thompson Limited, of Chessington, Surrey. 
Mr. K. G. C. Nicholls has been appointed manager of 
the Walsall branch of Atlas Copco (G.B.) Ltd. in suc- 
cession to Mr. R. W. Kneeshaw who has been appointed 
managing director of Atlas Copco (N.Z.) Ltd. 
Mr. G. J. Lyons has been appointed secretary of The 
Institution of Plant Engineers. 
Chamberlain Industries Limited announce that Mr, 
G.E. Hart has been appointed technical sales director of Ww A ®, 3 B S$ * 





the company. 


e 
Associated Electrical Industries Limited announce é o * » 
that Mr. E. Alexander has been appointed general ‘ 2 a 

manager, Mr. V. M. Roberts commercial manager, e od ti 

Mr. E. T. W. Barnes manufacturing manager, Dr. A. L. 

Whiteley chief engineer, and Mr. A. G. Barton divisional 

executive (Manchester) of the Electronic Apparatus 

Division at New Parks, Leicester; at the Motor & Control 

Gear Division at Rugby Mr. J. G. Boddy has been fe ; & 

appointed general manager, Mr. R. G. A. Dimmick ee Beryllium Copper 
commercial manager, Mr. A. G. W. Cannon manufactur- P ““Wavey’’ Washers. For 
ing manager, Mr. A. G. Williamson chief engineer, and : — Electronic Components. 
Mr. W. Hall divisional executive (Manchester); at the = Range 10 BAto ” BSF. Corro- 
Switchgear Division at Trafford Park, Manchester, sion-resisting, non-damaging to 
Mr. J. R. Wilkinson has been appointed general manager, components, higher resistance of ‘‘set’’, higher recovery of 
Mr. J. C. Dawson commercial manager, Mr. R. Clough load, permanent spring action. They are fabricated from 
manufacturing manager, and Mr. C. F. Humphreys chief Beryllium copper, heat treated to VPN. 350 minimum, Electro 
engineer; at the Transformer Division at Wythenshawe, Plated to DTD.924, Cadmium plated to DTD.904 and Passi- 
Manchester, Mr. C. P. Holder has been appointed general vated to DTD.$23. Also sup- 
manager, Mr. J. Dyson commercial manager, Mr. A. plied Silver Plated, or Self 7 

Jones manufacturing manager, Mr. L. C. Richards chief Colour or to customer’s LEAVE /T 7g 
engineer, and Mr. D. N. Relf divisional executive specification. Samples and 
(Rugby); finally, at the Traction Division at Trafford price lists on request. 

Park, Manchester, Mr. F. Whyman has been appointed 

general manager, Mr. W. B. G. Collis commercial THE LEWIS SPRING CO. LTD SPRINGS. SPRING CLIPS 
manager, Mr. R. P. Knight manufacturing manager, nese generten s77t/Pek VOLUTE SPRINGS’ 
Mr. G. R. Higgs chief engineer, and Mr. J. H. Cansdale London Office: 122 High Holborn, 
divisional executive (Rugby). W.C.1. * Tel: Holborn 7470 & 7479 
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Custom-built Engines 


All over the world you will come across 
Mercedes-Benz diesel engines — on 
building sites or in industrial plants, in 
harbour installations, in mining plants 
or in hospitals. 

There are three good reasons for this: 
Firstly, the Mercedes-Benz engine pro- 
types, with 
horsepowers ranging from 17 to 3000 


gramme comprises 24 


b. h. p., so that it meets every power 
requirement occurring in practice. 








Secondly: Mercedes-Benz diesels — 
water-cooled four stroke designs with 
precombustion chamber, of vertical or 
horizontal in-line types or of V arrange- 
ment, supercharged or unsupercharged— 
are as powerful, dependable and 
durable as all Mercedes-Benz products. 
And thirdly: At hundreds of service 
stations scattered all over the world 
there are skilled mechanics to keep 
every Mercedes-Benz diesel operating 
at top performance. 

Mercedes-Benz diesels therefore offer 
all the properties required foreconomical 


and reliable operation. 


MERCEDES-BENZ DIESEL 


@TVTol liam cme (=) el-airele)e) (3 


Mercedes-Benz diesel engines have 
many good qualities: They supply 

a maximum of power for a minimum 
of fuel; their simple, rugged 

design makes for easy maintenance, 
and they will retain their high 
performance over a long period 

of years. But their most important 
advantage is their outstanding quality 
This means dependability for 

every application. 
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BUSINESS NOTES 
Keelavite Hydraulics Limited have appointed Holman 
(Pty) Ltd., of Johannesburg, as their agents for the 
ale of hydraulic equipment in South Africa and 
Rhodesia. 

Allen & Co. Ltd. have acquired the sole licence 
for the manufacture and sale in this country of the 
“Bamag” resonance screens, developed by Pintsch 
Bamag, of Germany. 

A new Anglo-American company, Hagan Controls 
Limited has been formed jointly by The Plessey Company 
Limited, of Ilford, and Hagan Chemical and Controls 
incorporated, of Pittsburgh, Pa., for the design and 
manufacture of automatic control systems for industry. 


The London office of the British Industrial Plastics 
sroup has moved to new premises at Haymarket House, 
Haymarket, London, S.W.1. (Tel: TRAfalgar 3121). 


Holman Brothers, of Camborne, Cornwall, announce 
the formation of a Spanish subsidiary company, Holman 
Iberica S.A., of Pinto, near Madrid, for the manufacture 
of pneumatic products for the mining, quarrying, civil 
engineering, and general engineering industries. 


Teddington Industrial Equipment Limited announce 
the appointment of Aviation Electric Limited, of Mon- 
tral, as exclusive distributors of Teddington engine- 
protection equipment for Canada. 


Marston Excelsior Ltd., a subsidiary of Imperial 

Chemical Industries Ltd., have acquired from the Hudson 

ing Corp., of Houston, Texas, the sole right for 

the manufacture of hollow plastic industrial fans in the 
United Kingdom. 

Alfred Bullows & Sons Ltd., of Walsall, announce the 
conclusion of an agreement with the Gray Co. Inc., of 
Minneapolis, U.S.A., whereby they acquire sole distri- 
bution rights in the U.K. for the complete range of 
Graco products, including airless spray-painting, heavy- 
material spray and extrusion, and fluid-transfer equip- 
ment. 


Ferodo Limited have opened new premises at 3 
Condercum Road, Newcastle-on-Tyne, 4. (Tel: New- 
castle-on-Tyne 39131/2). 


Hoover Limited announce that they have reached an 
agreement with the Board of Trade for an 88,000 sq ft 
extension to their existing 163,000 sq ft electric-motor 
factory at Cambuslang, Lanarkshire, leased from 
Scotland Industrial Estates Limited. 


Westool Limited, of St. Helen’s Auckland, have 
opened new London offices at 2 Ashley Place, London, 
§.W.1. Mr. A. C. Stewart has been appointed London 
office manager of the company. 


The Brush Electrical Engineering Co. Ltd., a member 
of the Hawker Siddeley Group, have purchased the 
Rotating Machines Section of Veritys Ltd., of Birming- 
ham. In future all machines manufactured to Verity 
designs will be marketed as the “‘Brush-Verity”’ range. 


Murex Welding Processes Ltd. announce that they 
have purchased the whole of the issued share capital of 
Donald Ross & Partners Ltd., of Crawley, Sussex, 
specialists in the design and manufacture of mechanical 
aids to production and of positioners for hand and auto- 
matic welding. 


Martonair Limited announce the formation of a 
French company, Martonair S.A.R.L., of 41bis. Bld. 
Paul Vaillant-Couturier, Montreuil (Seine), who will 
undertake the manufacture under licence of a large range 
of pneumatic equipment and will co-operate with other 
Martonair companies in the Common Market countries. 

The London Area Sales Office of the Northern 
Aluminium Co. Ltd., has moved to new premises at 
on Terrace, London, W.2. (Tel: PADdington 
3281), 
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The Nitriding Process 

for Case—hardening 

Special Steels by 
Nitrogen offers 


Surface hardness up to 1130 D.P.H. 


Retention of full hardness after 
heating to 500° C. 


Maximum resistance to frictional 
wear and fatigue. 


Improved resistance to corrosion 
by water and steam. 


Particulars from:— 
NITRALLOY LIMITED 


ATLAS WORKS SHEFFIELD 4. 
Telephone: 26646 Sheffield. Telephone: Nitralloy, Sheffield. 























CHAPMAN & HALL 





*x NEW BOOKS x 
The Design & Construction of 


High Pressure Chemical Plant 
by 
HAROLD TONGUE 
M.1.Mech.E., A.M.I.Chem.E. 
Foreword by 
Sir JOHN COCKCROFT, K.C.B., F.R.S. 


SECOND EDITION—REVISED 


264 pages Illustrated 84s. net 


High Temperature Materials 
Edited by 


R. F. HEHEMANN & G. MERVIN AULT 


A JOHN WILEY BOOK 
Illustrated 


Asbestos 
Its Industrial Applications 
by 
D. V. Rosato 


A REINHOLD BOOK 
Illustrated 46s. net 


560 pages 140s. net 


288 pages 





37 ESSEX STREET, LONDON, W.C.2 
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LINCOLN ELECTRIC Co. LTD. 


BLACK FAN ROAD . 


came on GARDEN CITY . HERTS 
PHONE: WELWYN GARDEN 920/4 . 4581/5 









THE ENGINEERS’ DIGES! 





Juchita 
early in 
Pacific 

The 
awarde 
installa 
Vale W 
plant w 
of steel 

An | 
Head V 
to the ; 
§.A., th 
will fort 
designe 
furnace 
to be su 


Haw 
that the 
£500,006 
supply ¢ 
will be r 
and the 
Enginee 
Ano 
generati 
Corpora 
Compan 
is finane 
tion of | 
generatit 
for the ir 
of the st 
gas from 


Fawc 
secured ¢ 
machine’ 


One | 
this cou 
English 

£65,000. 

internal 

with a ri 
treatmen 
and will 
system | 
control ¢ 
The |! 
that they 
Coal Bos 
and anci 
Sunderla 


















CONTRACTS 


The Central Electricity Generating Board have 
warded Worthington-Simpson Ltd. a contract covering 
an design, supply, and erection of condensing plant for 
— 300-MW turbo-generators to be installed at the 
West Thurrock power station, Essex. 

The British Thomson-Houston Export Co. Ltd., now 
incorporated in Associated Electrical Industries Export 
Ltd., have received an order to construct and equip a 
complete steam power station for the Federal Electricity 
Commission of Mexico. The station will be built at 
juchitan in the state of Oaxaca, and will be commissioned 
arly in 1961 for the supply of electricity to an area on the 
Pacific Coast. 

4 The Head Wrightson Machine Co. Ltd. have been 
~~ F awarded contracts valued at over £2,000,000 for the 
i installation of an electrolytic tinning line at the Ebbw 
> | Vale Works of Richard Thomas & Baldwins Ltd. The 
plant will be capable of tinning and re-coiling 1500 feet 
of steel strip per minute. 

An additional sintering plant is to be supplied by 
Head Wrightson Iron & Steel Works Engineering Ltd. 
to the Aviles works of Empresa Nacional Siderurgica 
§,A., the Spanish national steel company. The new plant 
will form an extension to the existing sinter plant and is 
designed to produce an additional 10,000 tons of blast- 
furnace sinter per week. The total value of the equipment 
to be supplied is approximately £500,000. 


4 Hawker Siddeley Brush International Ltd. announce 
that they have been awarded an order worth over 
£500,000 by the N.A.T.O. authorities in Turkey for the 
supply of 44 diesel generating sets. The diesel engines 
will be manufactured by Mirrlees, Bickerton & Day Ltd. 
and the electrical equipment by the Brush Electrical 
Engineering Co. Ltd. 


An order worth over £500,000 for the supply of diesel~ 
generating equipment to the Karachi Electricity Supply 
Corporation has been awarded to The English Electric 
Company Limited. Consultants for the scheme, which 
isfinanced by the World Bank, are the Kuljian Corpora- 
tion of Philadelphia. When installed, the eleven diesel- 
generating sets will supply power to a total of 15,000 kW 
for the industrial area of Karachi. The engines, which are 
of the supercharged dual-fuel type, will run on natural 
gas from the large Sui Gas Field in West Pakistan. 


Fawcett Preston, of Bromborough, Cheshire, have 
secured orders valued at about £30,000 for cable-making 
machinery for Finland and Denmark. 


One of the largest electric heat-treatment furnaces in 
this country is to be built by Birlec Limited for The 
English Steel Company Limited at a cost exceeding 
£65,000. The furnace is of the pit type with effective 
internal dimensions 35 ft deep and 8 ft in diameter, and 
with a rating of 1220 kW. It will be used for the heat- 
treatment of alloy-steel forgings up to 100 tons in weight, 
and will have many special features, including a special 
system to ensure close temperature tolerances and 
control of the composition of the furnace atmosphere. 


The Mitchell Construction Company Ltd. announce 
that they have been awarded a contract by the National 
Coal Board for shaft surface works, a washery building, 
and ancillary structures at Wearmouth Colliery, near 
Sunderland. 
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SOCIETY OF ENVIRONMENTAL ENGINEERS 

A Society of Environmental Engineers has been 
formed to provide a forum, by meetings, publications, 
and visits, for the exchange of information and views 
among those engineers who are concerned with the 
development of equipment to withstand shock, vibration, 
and other forms of environmental conditions, and who 
research in these fields. 

The first meeting was held in London on May 29, 
1959. At another meeting on September 23, 1959, two 
papers were given, i.e., “‘ Electrical Characteristics of 
Moving-Coil Vibrations’? and ‘Some _ Electronic 
Measurements of Environmental Parameters ”’. 

On November 25, 1959, at 6 p.m. at the Imperial 
College, the paper will be ‘‘ The Investigation of Jet- 
Induced Vibration in Aircraft ’’, and on February 17, 
1960, at 6 p.m. at the Imperial College, a further two 
papers will be given, i.e., “‘ Calibration of Accelero- 
meters ’’ and ‘‘ A Review on the Setting up of a Heavy 
Vibration Laboratory”. The first Annual General 
Meeting of the society is scheduled to be held on March 
30, 1960, at 2.30 p.m. at the House of the Royal Society 
of Arts. Discussion meetings and visits in London and 
elsewhere are expected to take place on intervening dates. 

Membership and associate membership is open to 
scientists and engineers working on these subjects. 
Sponsor membership is open to firms similarly concerned. 
Details may be obtained from the Secretary of the society, 
42 Manchester Street, London, W.1. 


MicLO BOLIS 
[sm for Projection Welding 


the popular THS 201 type in 
$$ regular STOCK sizes 


% to 2°: 5 diameters in UNC. UNF. 2BA. BSF. WHIT. 
Deliveries also offered in 15000 /up 

Lots of Type THS 20fa 
and special designs such as : 








Enquiries welcomed. Full particulars on request 


TBOS.HADDON & STOKES 17D 
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CATALOGUE from ANDERTON SPRINGS Ltd. (A2) BINGLEY 2388 
London Office: HOLborn 515! 
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TONNAGE OXYGEN PLANT FOR 
THE APPLEBY-FRODINGHAM STEEL COMPANY 

The Appleby-Frodingham Steel Company are 
installing a tonnage oxygen plant at their Scunthorpe 
works at an estimated cost of £750,000. Site work has 
already begun and the plant is expected to be in com- 
mission by the late summer of 1960. ; 

Intended for the continuous production of gaseous 
oxygen for metallurgical and combustion purposes, the 
new plant is being designed to produce daily 100 tons of 
gaseous oxygen of 99-5% purity at 600 psig and ambient 
temperature. Alternatively, 90 tons of gaseous oxygen 
and 10 tons of liquid oxygen per day can be produced, so 
that the latter can be stored and evaporated to cover 
planned stoppages of the main plant. 


A SERIES OF LECTURES ON CAST IRON AS AN 
ENGINEERING MATERIAL 

A series of fourteen lectures, entitled “* Cast Iron as 
an Engineering Material ’’, is being organized jointly by 
The British Cast Iron Research Association and the 
Metallurgy Department of the Royal College of Science 
and Technology, Glasgow. The programme of the 
course includes lectures on the design of castings, as well 
as on the mechanical properties, corrosion, wear, and 
abrasion of cast iron. The series of lectures commences 
on October 22, and will be continued on each successive 
Thursday afternoon until December 3, 1959. Enrolment 
forms can be obtained from the Secretary, The Royal 
College of Science and Technology, Glasgow, C.1. The 
enrolment fee is £3 3s. 


OIL-FIRED TEXACO PLANT IN BELGIUM 

Designed and engineered by The Power-Gas Cor- 
poration Ltd., a Texaco heavy-oil gasification unit and 
high-pressure carbon monoxide conversion plant com- 
menced operation earlier this year at the factory of 
Société Carbochimique S.A., of Tertre, Belgium. The 
plant contains two gas generators each to produce crude 
synthesis gas for 100 metric tons of ammonia per day. 
Sulphur is removed before the conversion plant which is 
provided with a heat-exchange system to make the plant 
self-supporting in steam when operating with a carbon 
monoxide content of less than 2°% in the converted gas. 
The units have been commissioned and single unit opera- 
tion is now at 110% of design rating. 


COMPUTERS FOR THE SMALLER FIRM 

Organized by the Central London Productivity 
Association, a one-day conference will be held on 
October 22, 1959, at the Council Chambers of FBI, 
21 Tothill Street, London, S.W.1, on the applications and 
advantages of computers for the smaller firms. 

Programmes and tickets may be obtained from the 
Central London Productivity Association, 20/42 Wharf 
Road, London, N.1. 





SHIPPING AND FORWARDING AGENTS 
HENRY JOHNSON SONS & Co. (U.K. Branches) LTD. 
LIVERPOOL MANCHESTER LONDON E.C.3 
19, Castle Street Travis Street 41, Trinity Square 


Phone: Phone: Phone: 
Central 3352-6183 Ardwick 3245-6 Royal 2487-8 








OSMOND 
CUTTING OFF MACHINES 


A. & S. OSMOND, LTD. Telephone : 
13 DOWRY SQ., BRISTOL Bristol 27604 
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Classified Advertisements 


The rate for all classified advertisements is 9d. per word: in bold 
print 1s. per word : minimum order 10s. Box-number advertisements 
Ils. extra. Semi-displayed advertisements on this page 60s. per single 
column inch. Instructions, together with remittance, must be received 
not later than the \st of each month for advertisements to appear in the 
same month's issue. 

WANTED 
Wanted. Representatives for correspondence abroad, high earnings, 
written instructions. Write: Fortuna Publishing Co., Vienna 1/8, 
Postfach 49. 
BALL AND ROLLER BEARINGS, Etc. WANTED. Also Surplus 
Goods—Especially Hand Tools—of all descriptions. R. Pordes, 
138 New Cavendish Street, London, W.1. MUSeum 5250. 


FOR SALE 
NEW BESCO Production Press Brake, model 125/80, 80 tons capacity 
for sale. Steel plate construction. Will bend 8 ft. x 3/16 in. plate ina 
14 in. vee opening. Width between side frames 97} in. Gap 8 in. 
Adjustment to top beam by motor. Capacity using full bed length 
10 ft. x 1/8 in. thick. Full details from F. J. Edwards Limited, 359 
Euston Road, London, N.W.1 or 41 Water Street, Birmingham 3. 


1,000 tons CRAIG & DONALD No. 1548 DOUBLE SIDED 
PRESS for sale. 


Tie rod frame. Motor drive 400/440/3/50. Stroke approx. 9”. Between 
uprights 48”. Size of bed 48” « 674”. Hole in bed 34” x 42”. Weight 
about 75 tons. Photo, etc., from: 


F. J. Edwards Limited, 
359, Euston Road, London, N.W.1. 


PRESSURE DIECASTINGS 


JOHN IRELAND (WOLVERHAMPTON) Ltd. 


Bilston Street, Wolverhampton. 
Telephone: 22134 























the first name in 


HOISTS & 
CRANES 


Capacities from 2} cwts. to 15 
tons. Spans up to 100 ft. Immedi- 
ate spares and service from our 
technical representatives. 









Technical Manager 
AABACAS ENGINEERING CO.LTD 
BIRKENHEAD. 

~ Telephone: Birkenhead 4747-8-9 
LONDON OFFICE: St. Martins House, 29 Ludgate Hill, London, E.C.4 
Send now for new AABACAS catalogue City 7831/2. 
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The latest addition to the Schrader range 


, . Ins 
of outstanding air control equipment. & and C 





Uniform air pressure is essential to efficient pneumatic 
operating and to the maintenance of economical running 
costs. Those variations in airline pressure which result 
from demands on the line, distance from the compressor 
and the frequency of compressor cut-out can be smoothed 
out with the Schrader Pressure Regulator. And where 
main airline pressure is higher than needed it can be 
reduced to actual requirements at any point and kept 
constant. Inlet pressures of up to 250 p.s.i.g. can be 
regulated down to a range of 5-125 p.s.i.g. The Schrader 
Regulator offers, size for size, a higher capacity, faster 
response, lower pressure drop under loading than any 
other. Let us tell you how this Pressure Regulator could 
work for you. Send the coupon today for further details. 


AIR PRESSURE 
REGULATOR 


- __ nT 


To: A. SCHRADER’S SON, Air Control Products Dept. ED, 
| 829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 


| Please send details of Schrader Air Pressure Regulators. 
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NEW TECHNICAL BOOKS 





A New Method in the Theory of Superconductivity. 
By N. N. Bogoliubov, V. V. Tolmachev, and D_ V. 
| shirkov. 124 pp., 15 illustrations. Publishers: Con- 
sultants Bureau, Inc., New York, and Chapman & Hall, 
Ltd., 37 Essex Street, London, W.C.2. Price: 50/-. _ 
In this English translation from the original Russian 
text, first published in 1958 by the Academy of Sciences 
USS.R., the authors provide and explain their complete 
solution to the perplexing problem of constructing a 
microscopic theory of superconductivity. This method, 
which is based on the results of research carried out by 
Messrs. Bogoliubov and Tolmachev, is based on a 
physical and mathematical analogy with superfluidity. 
This excellent book includes calculations for the 
energy of the superconductive ground state, using 
Fréhlich’s Hamiltonian, as well as the one-fermion and 
collective elementary excited states. In addition, a de- 
tailed analysis is provided of the role played by the 
Coulomb interaction between the electrons in the theory 
of superconductivity, together with a demonstration of 
how a system of fermions is treated with a fourth-order 
Hamiltonian and how the criterion for its superconduc- 
tivity is established. 


Insulation for Small Transformers. By J. H. Mason 
and C. G. Garton. 94 pp., 33 illustrations. Publishers: 
The British Electrical and Allied Industries Research 
Association, Thorncroft Manor, Dorking Road, Leather- 
head, Surrey. Price: 37/6. 

Largely based on experience at the Electrical Research 
Association, the information contained in this pocket- 
size handbook provides valuable guidance and data for 
designers of all forms of electrical insulation, and is 
particularly useful for assessing the applications of new 
materials and insulation requirements for onerous or 
unusual service conditions. 

Factors affecting the electric strength and the life of 

insulation in service are considered, and numerous graphs 
are provided, showing the variation of discharge inception 
stress with the thickness and permittivity of insulation, 
both for surface discharges and for internal discharges in 
cavities of varying thickness. Similarly, the mechanisms 
of breakdown by discharges in “solid’’ and in oil- 
impregnated paper insulation are described and illus- 
strated in the case of some twenty different sheet and 
moulded insulating materials. In addition, consideration 
is given to the effects of varying the temperature and the 
insulation thickness, and to the merits of impregnation 
with oil, varnishes, and casting resins, together with 
comparisons of the merits and significance of non- 
destructive tests and of customary overvoltage tests. 
_ While it is true that the contents of this book are 
impeccable and merit the highest praise, the same cannot 
be said of its presentation. Considering its price and the 
excellence of its subject matter, surely it is not unreason- 
able to expect the book to be provided with something 
better than a limp cloth cover and paper of such thinness 
that all too often graphs on one side of a page are super- 
imposed on those on the other side. 


Molecular Science and Molecular Engineering. By 
Arthur R. von Hippel. 460 pp., 446 illustrations. Pub- 
lishers: The Technology Press of M.I.T. and John Wiley 
& Sons, Inc., New York, and Chapman & Hall Ltd., 37 
Essex Street, London, W.C.2. Price: 148/-. 

Following Professor von Hippel’s previous volumes, 
Dielectrics and Waves and Dielectric Materials and 
Applications, this beautifully produced book completes 
his series on modern materials research by presenting the 
fundamental molecular properties of matter and their 
applications. 

Utilizing contributions from Professor von Hippel 
and from a number of experts in their own field, the book 
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proceeds from classical to molecular science, advancing 
from the structure of atoms and molecules and the 
behaviour of charge carriers in gases to the formation 
and structure of condensed systems, to dipoles and their 
spontaneous alignment in ferro-electrics and ferro- 
magnetics, and finally to ions and electrons in liquids and 
solids. In addition, coverage is given to such subjects as 
thunderstorms and explosions, gas-discharge and solid- 
state devices, the molecular concepts producing masers 
and memory systems, transducers, transistors, para- 
metric amplifiers, and ion-exchange resins. 


Elements of Materials Science. By Lawrence H. Van 
Vlack. 544 pp., 552 illustrations. Publishers: Addison- 
Wesley Publishing Company, Inc. Reading, Mass., 
U.S.A., and 10-15 Chitty Street, London, W.1. (Order 
from Pergamon Press, 4 & 5 Fitzroy Square, London, 
W.1). Price: 66/-. 

Offering an introduction to engineering materials on 
an elementary level to all students of engineering with a 
knowledge of introductory college mathematics, this 
excellent book provides a basic understanding of the 
structure of materials and the conditions under which 
they will be used. Although both metals and non-metals 
are considered, Professor Van Vlack prefers to use real 
materials, rather than idealized engineering materials, for 
his illustrative examples. Since properties are related to 
the structure of the material, a background of introduc- 
tory chemistry and physics is used to develop the struc- 
tural concept; in addition, consideration is given to the 
effects of service environment on the structure and 
properties. 

Professor Van Vlack has much to impart, but has the 
rare ability of being able to write both interestingly and 
lucidly. This ability, coupled with a profusion of excellent 
illustrations, undoubtedly makes this book one of the best 
introductory texts on the elements of materials science 
ever written for engineering students. 


Pneumatics for Industry. By F. X. Kay. 160 pp., 94 
illustrations. Publishers: The Machinery Publishing Co. 
Ltd., National House, 21 West Street, Brighton 1. Price: 
18/6. 


Primarily a source of basic information, this well- 
written book, another in Machinery’s Standard Reference 
Series, is a useful guide to the principles underlying the 
industrial use of pneumatics. As such, it covers briefly, 
but clearly and satisfactorily, the principles of pneumatic 
equipment and circuit design in connection with their 
use in modern production machines, dealing with types 
of valves and cylinders, automatic sequence operations, 
and the economic use of air. 

There can be no doubt that this book fulfils the need 
for a simple work which not only describes some of the 
fundamentals governing the application of pneumatics, 
but which also helps to elucidate a number of facts that 
are little known or rather difficult to understand. 


Progress in Vacuum Science and Technology. Edited 
by A. S. D. Barrett. 160 pp., 107 illustrations. Pub- 
lishers: Pergamon Press Ltd., 4 & 5 Fitzroy Square, 
London, W.1. Price 70/-. 

Clearly indicating the outstanding advances which are 
being made in the field of vacuum science, this interesting 
and useful volume includes papers on education, indus- 
trial manufacture, drying, distillation, and metallurgy, 
written by leading authorities in their respective fields. 

Among the topics discussed in the seven papers in this 
book are techniques of fumigation employing reduced 
pressures; the present state of vacuum drying, with 
particular reference to freeze-drying; vacuum induction 
melting, including furnace design, pumping plant, 
refractories employed, and typical reactions leading to the 
perfection of processes materials; problems encountered 
in the valve industry in reducing residual action to a 
minimum; and gettering techniques and getter perform- 
ance. 
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LATEST INDUSTRIAL LITERATURE 





1. Polyurethane Coatings. Making it possible to obtain 
cold-hardening surfaces comparable in hardness and 
appearance with vitreous enamelling, a range of polyure- 
thane coatings is presented in a 6-page leaflet. These 
coatings, which can be used for ferrous and non-ferrous 
metals, as well as for concrete, plaster, cement, asbestos, 
wood, and chipboard surfaces, dry with a high-gloss 
finish and possess excellent water and corrosion resistance 
coupled with good resistance to mild chemicals. In 
addition, they cure satisfactorily at low ambient 
temperatures. 


2. Electro-Mechanical Linear Actuators. Offering an 
economical alternative to electric solenoids and hydraulic, 
compressed-air, or vacuum-operated cylinders, a range of 
electro-mechanical linear actuators is presented in a 5- 
page data-sheet. The actuators comprise a stationary 
sleeve containing a telescopic ram, which is extended or 
retracted by means of a lead-screw engaging a phosphor- 
bronze nut. The lead-screw is rotated by gearing driven 
from an electric motor which is integrally mounted on 
the ram. The standard unit does not incorporate any 
arrangement for stopping the ram at the end of its stroke, 
but, as an additional extra, a stroke-length-control unit 
can be fitted to the actuator, which automatically stops 
the motor at each end of the stroke. 


3. P.T.F.E. Products. The range of P.T.F.E. products 
described in an illustrated 8-page brochure includes 
veneered tapes, gland packings, solid gaskets, washers 
and discs, slit and milled envelope gaskets, plaited pack- 
ings, expansion joints, and various machined com- 
ponents, such as valve discs, seatings, sleeves, and 
diaphragms. These components, which exhibit inertness 
to all chemicals except molten alkali metals and fluorine, 
have good dielectric properties and low coefficient of 
friction, are non-tracking, non-flammable, resistant to 
moisture, and unaffected by weathering conditions. 


4. Valves, Controllers, Desuperheaters, and Ancillary 
Equipment. Details are contained in an illustrated 28- 
page catalogue of a wide variety of valves, controllers, 
desuperheaters, and ancillary equipment, including 
diaphragm-operated valves, screwed-spindle valves, 
safety valves, pressure controllers, vacuum panels, 
humidity controllers, spray-type and surface-type 
desuperheaters. Six additional data-sheets give informa- 
tion on linear-variable differential transformers, tempera- 
ture regulators, liquid-level controllers, and air-operated 
temperature and pressure controllers. 


5. Small-Power Worm-Reduction Gears. An illustrated 
4-page brochure describes a range of small-power worm- 
reduction gears, designed as standard, inverted, and 
vertical units, the inverted and vertical types being also 
supplied together with geared motors. The worms of all 
these units are integral with their shafts and are made of 
special steel, hardened, ground, polished, and finished to 
fine limits. To take the combined thrust on journal loads, 
high-quality dual-purpose ball bearings are provided for 
the worm shaft, lubrication being arranged by an oil 
bath. 


6. Electromagnetic Eddy-Current Speed-Regulator. An 
illustrated 4-page leaflet contains particulars of an electro- 
magnetic eddy-current speed-regulator which can be used 
as a coupling, a clutch, and a torque limiter and con- 
troller, as well as a speed-controller. In this unit, since 
there is no mechanical connection between input and out- 
put members, undue vibration is avoided and inching 
control can be readily obtained. Where it is required to 
drive one machine from two or more motors, a regulator 
can be fitted to each motor and controlled so that the 
driving motors always supply equal power to the machine, 
thus avoiding undue stress on one particular driving 
motor. 
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7. Industrial Magnets. The range of applications of 
industrial magnets presented in a 4-page leaflet inchuie. 
lifting magnets, suspension magnets, magnetic Pp 
overband separators, clutches, brakes, and permaph | 
In addition, a short description is given of a variety ail 
electrical equipment, such as transformers, oil i 
transformer rectifiers, and electrical control gear, 


8. Oil-Immersed and Cooled-Cathode Rectifier Eq 

In their basic form requiring no auxiliary apparatus 
available for immediate load-carrying at all times, a series 
of selenium, silicon, and germanium rectifiers is presente 

in an illustrated 8-page brochure. These rectifiers g 

characterized by high efficiency and are suitable 
operation in a wide range of temperatures. A sup 


rectifiers and gives various examples of their application, 


9. Filters and Strainers. The range of filters and straig 
described in a recently published illustrated 40» 
brochure includes self-cleaning strainers and plate 
filters, filters for closed lubricating systems, and special 
filters for use in power plants, rolling mills, air ¢g 
pressors, and in the plastics, paper, textile, glass, pai 
and ceramic industries. Useful recommendations 
installation and maintenance of these filters, as well 
flow data and pressure, temperature, and viscosity ¢g 
version tables are also given. : 


10. Soot Blower. Simplified electrical control, Io 
steam consumption, shorter blowing time, and simp 
and robust construction are the main advantages of the 
electrically operated soot blower described in a 4-pag 
leaflet. This unit incorporates a newly designed mech 
ism which does not require reversal of the operat 
motor, the entire operation of traversing the nozzle int 
the furnace, rocking it over the blowing angle, andr 
tracting being carried out by mechanical means and wif 
a non-reversing motor, without the use of clutches, 


11. Contactors and Isolators. Minimum absorption 
current, excellent insulation of the coils, sintered silvé 
compound faced or copper pole-tips, and specially ¢ 
signed shields for rapid arc extinction are the salie 
features of the a.c. and d.c. contactors described in 
recently published 6-page leaflets. A supplementary & 
page leaflet contains details of front-operated and side 
operated isolators which can be supplied with any n 
ber of main poles, usually from | to 6, and are provid 
with one or more auxiliary contacts to suit customen 
requirements. 


12. Pipe-Threading Tools. The range of pipe-threadi 
tools presented in a 24-page brochure includes geared 
plain, and ratchet die-stocks, ratchet and gear receder 
stocks, ratchet pipe die-stocks, chaser die-stocks, as ¥ 
as stocks with solid square, circular, and angular di 
and hexagon die nuts for pipe or bolt threads. Descrip 
tions are also given of a combined drill and tap and o 
tube expander. All threading tools are carefully 
treated and ground to give a correct rake. In additi¢ 
single dies (except dies for minor stocks) can be easily 
replaced without renewing the complete set. 
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